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SUMMARY OF 
PROCEEDINGS OF THE FIFTH ANNUAL MEETING. 


Atlantic City, N. J., June 12, 13, 14, 1902. 


The Fifth Annual Meeting of the American Section of the 
International Association for Testing Materials (now the Ameri- 
can Society for Testing Materials) was held at the Hotel Tray- 
more, Atlantic City, N. J., on June 12, 13, 14, 1902. The total 
attendance at the meeting, including guests, was about seventy- 
five. 

The following members were present or were represented at 
the meeting: W. A. Aiken, Ajax Metal Company, represented by 
G. H. Clamer; American Bridge Company, represented by C. C. 
Schneider; American Steel and Wire Company, represented by 
William L. Hirsch; Joseph W. Bramwell, W. H. Broadhurst, 
H. H. Campbell (also representing The Pennsylvania Steel Com- 
pany), Carnegie Steel Company, represented by John McLeod; 
Robert A. Carter, Charles S. Churchill, James Christie, W. C. 
De Armond, J. Allen Colby, T. L. Condron, W. O. Dunbar, W. C. 
~DuComb, Jr., Charles B. Dudley, M. Ward Easby, Ernst Fahrig, 
A. Falkenau, Stanley G. Flagg, Jr., J. E. Greiner, Edward M. 
Hagar, William K. Hatt, Henry M. Howe, Richard L. Hum- 
phrey, Charles L. Huston (also representing the Lukens Iron and 
Steel Company), Illinois Steel Company, represented by P. E. 
Carhart, J. Y. Jewett, Robert Job, C. Kirchoff, Paul Kreuz- 
pointner, Gaetano Lanza, Lathbury & Spackman, represented by 
E. W. Lazell; Robert W. Lesley, Charles Major, Edgar Marburg, 
Richard K. Meade, Charles M. Mills, Richard G. G. Moldenke 
(representing also the American Foundrymen’s Association), 
Tinius Olsen, Alex. E. Outerbridge, Jr., Clifford Richardson, 
Albert Sauveur, H. W. Spangler, William Purves Taylor, George 
E. Thackray (representing also the Cambria Steel Company), 
David Thomas (representing also the Reading Iron Company), 
The Iron Trade Review, represented by A. I. Findley; S. S. 
Voorhees, Samuel Tobias Wagner, George S. Webster, William 
R. Webster, Thomas D. West, J. W. Whitehead, Jr., Asa W. 
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Whitney, Walter Wood (representing also the R. D. Wood Com- 
pany). Total, 63 (including representations) ;. total in personal 
attendance, 57. 


FIRST SESSION, THURSDAY, JUNE 12,°38 PoM. 
BUSINESS MEETING. 


The meeting was called to order by the Chairman, Professor 
Henry M. Howe. There being no objection, the minutes of the 
Fourth Annual Meeting were approved as printed. 

Then followed the reading of the Annual Address by the 
Chairman, devoted largely to a review of the activities of the 
past year and an outline of a general policy for the future. 

The Annual Report of the Executive Committee was read by 
the Secretary and, on motion, adopted. 

The Chair appointed Messrs. George E. Thackray and 
Richard L. Humphrey as tellers to canvass the ballot for officers. 

The meeting then proceeded to the consideration of the new 
Charter and the proposed By-Laws under the same. Mr. R. W. 
Lesley announced that the incorporators had duly met, that 
Art. I, Sections 1 and 2, of the By-Laws had been formally 
adopted, and that the Secretary had, according to instructions, 
cast a ballot electing all members of the American Section of the 
International Association for Testing Matetials to membership 
in the American Society for Testing Materials. 

After a short recess the tellers reported that 52 ballots, of 
which 50 were in legal form, had been cast, and in accordance 
with the report, the Chair declared the following officers elected: 


Chairman, Charles B. Dudley. 

Vice-Chairman, Robert W. Lesley. 

Secretary, Edgar Marburg. 

Treasurer, James Christie. 

Member of Executive Committee, John McLeod. 


The proposed By-Laws were then considered by sections 
and adopted with certain amendments; * the most important 
being the addition of the following sections to Art. II: 


* These amendments will appear from a comparison of the By-Laws as adopted (page 322), and 
as reported by the Executive Committee (see Annual Report, Appendix B, page 363). 
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“SECTION 7. The officers and members of the Executive 
Committee of this Society, to hold office until the next election 
under these By-Laws, shall be as follows: To hold office for two 
years—President, Charles B. Dudley; Vice-President, Robert W. 
Lesley; Secretary-Treasurer, Edgar Marburg; members of the - 
Executive Committee, Henry M. Howe and James Christie. To 
hold office for one year—members of the Executive Committee, 
Albert Ladd Colby and John McLeod.” 


“SEcTION 8. The above officers and members of the Execu- 
tive Committee, as well as all succeeding officers and members of 
the Executive Committee elected under these By-Laws, shall 
serve for the respective terms to which they shall have been 
elected, or until their successors shall have been duly elected.” 


“SECTION g. The Executive Committee shall have the 
power to fill any vacancies occurring in their number, by death, 
resignation or otherwise.”’ 


“SECTION 10. The election of officers and members of the 
Executive Committee shall be by letter ballot. The Executive 
Committee, before each Annual Meeting, shall appoint a Nomi- 
nating Committee, whose duty it shall be to nominate a full list 
of officers. The list of nominations so made shall be submitted 
to the membership not more than eight (8) nor less than four (4) 
weeks before the coming Annual Meeting. 

“Further nominations, signed by at least ten (10) members, 
may be submitted in writing to the Secretary, at least four (4) 
weeks before the Annual Meeting, and such nominations shall 
also be submitted to the membership on the official ballot.” 


The By-Laws in their amended form were finally adopted as 
a whole, and the Secretary was instructed to cast a letter ballot 
for the officers named in Art. II, Section 7. 

The Chair called upon the members of the American Section 
present to signify their acceptance of their election to member- 
ship in the American Society for Testing Materials by rising in 
their places. The response to this invitation was unanimous. 

Mr. James Christie formally resigned the office of Treasurer 
of the American Section, and his resignation was accepted. 

It was resolved that all assets and liabilities of the 
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American Section be assumed by the American Society for 
Testing Materials, and all committees of the former body be con- 
_ tinued in the latter. 

There being no further business, the meeting adjourned till 
the following morning. 


SECOND SESSION, FRIDAY, JUNE 138, 10 A. M. 
ON SPECIFICATIONS. 


The meeting was called to order by the newly elected Presi- 
dent, Dr. Charles B. Dudley, who called for the report of the 
American Branch of Committee No. 1. Its Chairman, Mr. 
William R. Webster, read the following report: 


REPORT OF THE AMERICAN BRANCH OF COMMITTEE NO. 1. 


All of our specifications were adopted at the Annual Meeting last year, 
and this action was confirmed in August by letter ballot of the American 
Section. Since then very little has been done by this Committee on 
specifications; but other societies have been quite active. 

The American Railway Master Mechanics’ Association, at their 
Annual Convention, last June, appointed a Committee on Axle Specifica- 
tions. They are now considering an increase in membership in the Com- 
mittee so as to take up specifications for Steel Forgings, Boiler Plate, etc. 

The American Society of Mechanical Engineers at their Semi-Annual 
Meeting in May, discussed our Specifications for Steel Forgings, Steel 
Castings and Steel Boiler Plate. 

The American Institute of Mining Engineers, at their Annual Meeting 
in May, discussed our Specifications for Steel Forgings and Steel Castings. 
They also had a general discussion on the present situation as to speci- 
fications for Steel Rails. 

The American Society of Civil Engineers have recently appointed a 


Special Committee on Rail Sections, with instructions to report on the 
following: 


1. To report upon the results obtained in the use of rails of the sections 
presented to the Society in Annual Convention, August, 1803, by 
a special committee appointed for that purpose. 

2. To report whether any modification of any sections is advisable, and 
if so, to recommend such modification. 

3. To report upon the recognized practice as to chemical composition and 
mechanical treatment used in the manufacture of rails and the 
manner of inspection of same. 
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4. To report upon the advisability of the establishment of a form of 
specification covering the manufacture and inspection of rails. 

5. If found advisable to recommend a form of specification for the manu- 
facture and inspection of rails. 


The American Railway Engineering and Maintenance of Way Associa- 


- tion, at their Annual Meeting in March, continued the discussion of our 


Specifications for Bridge Materials and adopted, with some modifications 
and additions, our Specifications for Rails. Attached hereto is a copy of 
the report of their Committee No. 15 on Iron and Steel Structures, and 
Committee No. 4, on Rails. But as the points raised have been given in 
detail in the program of this meeting, and are to be discussed this morning, 
I will not refer to them further at this time. 

Dr. R. G. Moldenke asked and received permission to present our 
Specifications for Steel Castings to the American Foundrymen’s Associa- 
tion at their Annual Meeting in Boston, next week. 


This report was, on motion, accepted. 

This was followed by a prolonged general discussion on the 
following modifications (shown in italics) in the Standard Speci- 
fications for Steel Rails (adopted by the American Section) 
embodied in the Specifications for Steel Rails adopted by the 
American Railway Engineering and Maintenance of Way Associa- 
tion, at the Annual Meeting in Chicago, March 18, 19, 20, 1902. 


(a) Drop Tgest.—One drop test shall be made on a piece of rail not 
more than six feet long from every blow of steel. The test piece shall 
preferably be taken from the top of the ingot. The rail shall be placed 
head upwards on the supports, and the various sections shall be subjected 
to the following impact tests: 


Weight of rail. Height of drop. 
Pounds per yard. Feet. 
ARS (AO): Ehavel vrhave)KoKobhaves IO a, Fe aod 6 Aono 15 
More than 55 4 OR a iets Gort ae Sta aeons 16 
“3 65 re Fig Latte encdedey tebe Sacks rsa 17 
sf a5 % Sy | Gtinta ext aotde mite 18 
ve 85 S TOO. Gynite at mene ieeechaus rhe 19 


If any rail break when subjected to the drop test, two additional tests 
will be made of other rails from the same blow of steel, and if either of 
these latter tests fail, all the rails of the blow which they represent will 
be rejected, but if both of these additional test pieces meet the require- 
ments, all the rails of the blow which they represent will be accepted. 


(0) Heat TREATMENT.—The number of passes and speed of train shall 
be so regulated that on leaving the rolls at the final pass the temperature . 
of the rail will not exceed that which requires a shrinkage allowance at the 
hot saws of — inches for 85-pound and — inches for 100-pound rails, and 
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no artificial means of cooling the rails shall be used between the finishing 
pass and the hot saws. 

(c) LenctH or Raits.—The standard length of rails shall be thirty- 
three feet. Ten per cent (10%) of the entire order will be accepted in 
shorter lengths, varying by even feet down to twenty-seven feet (27’). 
A variation of one-fourth of an inch (14’’) in length from that specified 
will be allowed. 


The corresponding clauses in the Standard Specifications, 
adopted by the American Section are as follows (all differences 
are shown in ztalics): 


(a) Drop Test.—One drop test shall be made on a piece of rail not 
more than six feet long, selected from every fifth blow of steel. The rail 
shall be placed head upwards on the supports and the various sections shall 
be subjected to the following impact tests: 


Weight of rail. Height of drop. 
Pounds per yard. Feet. 
Ase cOmandeisiclitd it Oai5's wees. evel rtee eeaeee 15 
More than 55 sf OS) cadet oe 16 
es 65 a VATE Ooo C56 17 
oa 75 - SSS ie. chateiaed ae SOS 18 
¥ 85 es LOO! “ais-sis :ctene ae eee 19 


If any rail break when subjected to the drop test, two additional tests 
will be made of other rails from the same blow of steel, and if either of 
these latter tests fail, all the rails of the blow which they represent will 
be rejected, but if both of these additional test pieces meet the require- 
ments, all the rails of the blow which they represent will be accepted. 
If the ratls from the tested blow shall be rejected for failure to meet the require- 
ments of the drop test as above specified, two other rails will be subjected to 
the same tests, one from the blow next preceding, and one from the blow next 
succeeding the rejected blow. In case the first test taken from the preceding 
or succeeding blow shall fail, two additional tests shall be taken from the same 
blow of steel, the acceptance or rejection of which shall also be determined as 
specified above, and tf the rails of the preceding or succeeding blow shall be 
rejected, similar tests may be taken from the previous or following blows, as 
the case may be, until the entire group of five blows is tested, if necessary. 

The acceptance or rejection of all the rails from any blow will depend 
upon the results of the tests thereof. 

(6) Heat TREATMENT.—No test specified. 


(c) Lenetu or Raits.—The standard length of rails shall be thirty 
feet (30’). Ten per cent (10%) of the entire order will be accepted in 
shorter lengths, varying by even feet down to twenty-four feet (24’). A 
variation of one-fourth of an inch (14’”) in length from that specified 
will be allowed. 


Mr. William R. Webster introduced the discussion with the 
statement that these matters had been brought to the notice of 
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the American Branch of Committee No. 1 at a recent meeting, 
and that it was there decided to present them at the Annual 
Meeting so that they might be openly discussed on their merits. 

The three sub-divisions of the subject were separately con- 
sidered and the following resolutions were passed: 


(a) Drop Trest.—That the matter be referred back to the 
American Branch of Committee No. 1, with the statement that 
it is the sense of this meeting that one drop test from every fifth 
blow of steel is sufficient. 

(b) Heat TREATMENT.—That action be postponed pending 
the reading at the afternoon session, of papers on closely related 
subjects by Messrs. Sauveur and Martin, and the discussion of 
these papers. 

(c) LENGTH oF Raits.—That this question be referred back 
to the American Branch of Committee No. 1. 


The meeting then passed to the consideration of the next 
number on the program, viz: 


Topical Discussion: “‘Is it Desirable to Specify a Single 
Grade of Open Hearth Structural Steel for Bridges of Ordinary 
Spans?”’ This discussion was formally introduced by contribu- 
tions from Messrs. A. P. Boller, Theodore Cooper, J. E. Greiner, 
John McLeod, C. C. Schneider and J. P. Snow, and then thrown 
open to the meeting. The discussions of Messrs. Boller and 
Cooper, in the absence of the authors, were read by the Secretary. 
At the conclusion of the discussion, it was resolved to refer this 
question to Committee No. 1, with the statement that it is the 
sense of the meeting that it should be affirmatively indorsed. 


The meeting then adjourned till 3 P. M. 


THIRD SESSION, FRIDAY, JUNE 13, 3 P.M. 
ON STEEL. 


The President, Dr. Charles B. Dudley, after calling the 
assembly to order, announced that before proceeding with the 
formal program he would ask Professor Howe to favor the 
meeting with some informal remarks on the heat treatment and 
finishing temperatures of steel, in the light of some experimental 
work which he had planned in that connection. 
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Professor Howe explained the proposed installation of a 
small roll-train to be driven by a motor. The first experiment 
in view is to heat similar bars of steel to a uniform high tempera- 
ture; to allow these bars to cool to lower temperatures of various 
accurately determined magnitudes; then to roll them quickly, 
and finally to ascertain their physical properties and microscopic 
structure, as a definite starting point towards a better quanti- 
tative knowledge of the subject. 

Mr. Robert A. Carter asked the indulgence of the meeting 
and called attention to the great need of adequate specifications 
and methods of testing for chain-iron. The speaker stated that 
he had recently prepared specifications for high-grade wrought 
iron and thought that the question was one on which the Society 
might well take suitable action. 

On motion, it was decided to refer this question to the 
American Branch of Committee No. 1, and the regular program 
was then resumed. 

Professor Albert Sauveur read a paper on “ Finishing Tem- 
perature and Structure of Steel Rails.” 

A paper by Mr. Simon S. Martin on ‘“‘ Rail Temperatures” 
was read by the Secretary. 

A formal discussion of these papers by Mr. Robert Job was 
read by the author, and in the absence of Mr. P. H. Dudley, his 
contribution on the subject was read by the Secretary. 

The Chairman, in declaring these papers open for general 
discussion, observed that the discussion of ‘‘Heat Treatment” 
at the morning session might be appropriately brought to a close 
at the same time. 

After a prolonged discussion it was resolved that the ques- 
tion of introducing a clause with reference to heat treatment in 
the Standard Specifications for Steel Rails, be referred back to 
the American Branch of Committee No. 1 with the statement 
that it is the sense of this meeting that it is inadvisable at the 
present time to introduce such a clause. 

It was voted that the following motion offered by Professor 
Albert Sauveur be also referred to the American Branch of 
Committee No. r: 

“That the American Branch of Committee No. 1 be in- 
structed to ascertain whether, under the manufacturing condi- 
tions prevailing in American rail mills, the first rail rolled from 
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each ingot is generally defective owing to the presence of unsound 
metal resulting from the pipe or cavity which, under normal 
cooling conditions, forms in the upper part of every steel rail 
ingot, and, if such defects are found to exist, to introduce into 
the specifications such stipulations as in their judgment will best 
prevent the rolling of these defective rails.” 


The Chairman then opened the discussion on ‘‘ The Relation 
between the Basic Open-Hearth Process and the Physical Prop- 
erties of Steel,” which was participated in by a number of 
_ speakers. 

Mr. Paul Kreuzpointner read a paper on ‘‘The Ethics of 
Testing,” and Professor Gaetano Lanza a paper on ‘‘Steel 
Rivets.” 

Mr. William R. Webster then called attention to the follow- 
ing criticisms that had been made on the Standard Specifications, 
in their discussion before other societies, some of which the 
speaker thought deserved careful consideration: 


(a) SPECIFICATIONS FOR STEEL FORGINGS: 


1. Forging specifications should be subdivided to be made appli- 
cable and useful as part of a contract. They now cover too many 
grades of steel and tend to confuse. 

2. Upper limit of tensile strength should be specified for each 
grade of steel. 

3. In some classes of forgings, 8-inch test pieces could be used to 
advantage in place of the 2-inch test pieces necessary in many classes of 
forgings. 

(b) SPECIFICATIONS FOR STEEL CASTINGS: 

1. Particular stress has been laid on the great importance of 
annealing, and reference has been made to many castings that are put 
in service unannealed. 

2. Elastic limit is too low, should be one-half ultimate strength. 
None of the tabulated specifications give the elastic limit as less than 
one-half the ultimate strength. 

3. 2-inch test piece is not necessary for steel castings, 8-inch test 
piece is far preferable. 


(c) Evastic Limit: 

It is not considered necessary to specify both yield-point and elas- 
tic limit, as the latter is broad enough to cover all needs. It has been 
claimed that to determine the elastic limit accurately, measurements 
have to be taken to the 10,oooth of an inch with delicate instruments. 
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On the other hand it has been claimed that the yield-point can be 
taken by the drop of the beam. But check tests by the ordinary 
methods in use showed that the beam did not drop until the test speci- 
men had elongated over o.2 in.in 8inches. A reasonable mean between 
these two extremes would seem to be that prescribed by Mr. Theodore 
Cooper in his Specifications for 1901, viz: 

“For the purpose of these specifications the elastic limit will be 
considered the least strain producing a visible permanent elongation in 
a length of 8 inches as shown by scribe marks of a pair of finely pointed 


calipers.” 

“Tf the yield-point or drop of the beam can be calibrated for any 
machine and its speed to represent the elastic limit within 5% it may 
be used for general cases. Test reports must state by which method 
the elastic limit was determined.” 


On motion, the consideration of these criticisms was re- 
ferred to the American Branch of Committee No. 1. 

Mr. J. W. Whitehead, Jr., offered the following resolution, 
which was adopted: 


Resolved, That the Chairman of this Convention appoint a 
Committee of at least six members of this Society for the pur- 
pose of gathering statistics, making experiments and testing in 
numerous ways the different materials offered for sale in the 
open market for the purpose of protecting steel against corrosion, 
and for recommending some means of disposing of the mill scale 
without causing unusual expense and delay to the assemblers. 
Also to recommend a set of Specifications for the application of 
the preservative to the steel, same to be reported at the next 
Annual Meeting. 


The meeting then adjourned till 8 P. M. 


FOURTH SESSION, FRIDAY, JUNE 18, 8 P.M. 


ON CEMENT. 


This session was in the form of an ‘‘ Engineering Smoker,” 
the President, Dr. Charles B. Dudley, occupying the Chair. 

The following papers were read and discussed in the order 
named: 
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“The Correlation of Cement Specifications,” by Mr. Robert 
W. Lesley. 

“The Advantages of Uniformity in Methods of Testing and 
Specifications for Cement,” by Mr. George S. Webster. 

“The Chemical Analysis of Cement: Its Possibilities and 
Limitations,”’ by Mr. Richard K. Meade. 

“Cement Testing in Municipal Laboratories’? by Mr. 
Richard L. Humphrey. 

“Tests of Reinforced Concrete Beams,’’ by Professor Wil 
liam K. Hatt. 

It was voted that the following motion offered by Pro- 
fessor William K. Hatt be adopted: 


That the Executive Committee be requested to consider the 
advisability of appointing a committee to report on ‘‘Specifica- 
tions for Paving Brick and Building Brick.”’ 


Favorable action was also taken on the following motion by 
Mr. Robert W. Lesley: 


That the question of appointing a committee to prepare 
“Standard Specifications for Cements” be referred to the Execu- 
tive Committee for such action as it may deem proper. 


Thereupon the meeting adjourned till the following morning, 


FIFTH SESSION, SATURDAY, JUNE 14, 10 A.M. 
ON CAST IRON. 


President Dudley in the Chair. 

A paper by Mr. W. G. Scott on the “Effect of Variations in 
the Constituents of Cast Iron,” was read in abstract by the Sec- 
retary, in the absence of the author, and afterwards discussed. 

Then followed the reading of the following papers in the 
order indicated: 

‘‘Present Status of Testing Cast Iron,” by Dr. R. G. 
Moldenke. 

‘The Need of Foundry Experience for the Proper Inspection 
and Testing of Cast Iron,” by Mr. Thomas D. West. 
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A Quick and Automatic Taper-Scale Test,” by Mr.- 
Asa W. Whitney. 

“High Strength of White Iron Castings, as Influenced by 
Heat Treatment,” by Mr. Alex. A. Outerbridge, Jr. 

Mr. Walter Wood offered some informal remarks on “‘Speci- 
fications for Cast-Iron Pipe,’”’ and a general discussion of the 
above papers then ensued. 

Mr. James Christie stated that in pursuance of a suggestion 
from the Secretary-Treasurer, he would move that an Auditing 
Committee be appointed to examine that officer’s accounts. 
This motion was carried. 

There being no further business, the President declared the 
meeting adjourned sine die. . 


_ AMERICAN SOCIETY FOR TESTING MATERIALS. 


AFFILIATED WITH THE 
INTERNATIONAL SOCIETY FOR TESTING MATERIALS. 


PROCEEDINGS. 


The Society is not responsible, as a body, for the statements and 
opinions advanced in its publications 
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Henry M. Howe. 


It seems well that your retiring President should enunciate 
briefly his understanding of the chief aims of our organization, 
and summarize the chief events which have taken place during 
his term. 

What is our chief aim and object? We are members of the 
International Association for Testing Materials. The testing 
of materials has two chief features, first, the manner in which 
tests shall be conducted, and second, the specifications which 
_ the materials tested must endure. Of these two features the 
European members of the International Association in general 
regard the former—the manner of conducting tests—as the 
primary object of the Association, and the second—the recep- 
tion specifications—as a thing for later consideration. But we 
American members, I take it, look at the matter from a radically 
different standpoint, and look to the erection of normal or 
standard reception specifications as by far the more important 
object. It appears to us that buyer and seller have greater 
difficulty in agreeing on the specifications which the material 
bought and sold must fulfill, than in agreeing on the methods 
to be used for deciding whether those specifications, once agreed 
on, are fulfilled by a given lot of material. We do not expect, 
nor do we think it important, that the standard specifications 
which we erect shall be exactly complied with in many, or indeed 
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in any, actual transactions. But we are firmly convinced that 
the existence of such standard specifications, stamped as stand- 
ards of reasonableness by a properly constituted body such as 
we aim to be, will greatly facilitate agreement between buyer 
and seller, will help them to come to terms, to convince each 
other that this or that item specified by one of them and objected 
to by the other is or is not reasonable. Reasonableness should 
be the spirit in which every negotiation is carried on; standards 
of reasonableness such as we wish to erect should greatly aid 
reasonable men in deciding what is reasonable. While we 
believe this true of domestic negotiations, we believe that it 
applies with even greater force to international negotiations, 
between buyer and seller who have never seen each other, who 
live under different conditions of society, with different tradi- 
tions, conceptions, and points of view. 

No words are needed to show the great importance of this 
field of work. It is well that there should be some society with 
this as its chief object: Such a society should have very strong 
international affiliations; these we have. It should represent 
both sides of the negotiations, seller and buyer, maker and user. 
It should represent also what we may term their professional 
counsel, the consulting and inspecting engineers. If I may still 
farther borrow the terms of litigation, it should represent also 
the bench, that is to say the institutions of learning, through 
their teaching and investigating staff, and the engineering press. 
These three classes, I repeat, first, the negotiators themselves, 
maker and user; second, their counsel, the testing and consult- 
ing engineers; third, the disinterested and quasi-judicial class, 
the teachers, investigators and editors, should be fully repre- 
sented in our membership and our Executive Committee. 

This most important field has been that of our Committee 
No. 1, whose admirable work has commanded such applause. 
This same work should be applied to the other chief materials 
of construction, such as cast iron, cement, brick, brasses and 
other alloys. 

This work never ends, though its continuation calls for less 
outlay of energy than its initiation. Specifications will ever 
become more rigorous, more exact; our Committee No. 1 should 
continue indefinitely modifying its standards to bring them into 
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harmony with existing conditions and possibilities, and to make 
them not simply reflect those conditions but aid materially in 
developing them. In short, we should aid and lead in the 
development of specifications, leading and shaping custom 
itself so far as is possible. 

Next in importance is the work of improving the methods 
of testing. All these methods are indirect; their evidence is 
only circumstantial. We insist that rail steel shall have a 
certain high degree of ductility as shown by its elongation and 
contraction of area, although the rail itself will never be called 
upon to display in actual service any ductility comparable with 
that on which we justly insist. This elongation which we 
require, then, is not to give ductility, in itself a useless property 
for a rail, but to serve as indirect and circumstantial evidence 
that the material has the needed shock-resisting power, because 
experience has shown that this power will exist if the ductility 
exist. Theoretically every reception test should approach as 
closely as possible the most trying conditions of actual service. 
That they at present do not, is due in large part to the extreme 
crudity of our knowledge and practice, and in large part to the 
great difficulty in reproducing in our tests the conditions of 
service. They should be made to approximate more and more 
closely to the actual conditions of use. Here, too, we should at 
once reflect what is best and most advanced in existing practice, 
and so far as possible direct practice into better and more 
reasonable methods of testing. 

A third important object, though one of less vital impor- 
tance, is the publication of investigations of new products, and 
of the effects of mechanical and thermal treatment of iron and 
steel, and of like subjects; in brief, of those scientific questions 
which affect the great materials of construction to such a 
degree that provisions touching them ought to form part of 
reception specifications. 

Turning now to the events of the past two years and the 
steps now proposed, four of these justify special mention here. 
They are, 

The cordiality of our relations with the administration of 
the International Association. 

Our good fortune in securing a permanent working Secre- 


tary. 
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An appeal for funds to the great makers and users of the 
materials of construction. 

The change from the condition of a Section of the Inter- 
national Association to that of an Suse self-directing, 
but closely related, Society. 

If, through causes which are best forgiven and forgotten, 
the understanding between the Administration of the Inter- 
national Association and its American Section was not so clear 
as could have been desired, the obvious step towards clarifying 
it was to bring about personal interviews. The Buda-Pesth 
Congress afforded a convenient opportunity, and three of our 
members, including your now retiring Chairman, availed them- 
selves of it. Asa result of this I believe that the most cordial 
feelings have been established on both sides. At this I rejoice, 
because this cordiality is an absolute necessity to efficient. 
cooperation in our joint work. 

In every scientific and technical society there should be 
at least one permanent officer, in order that not only the policy 
of the society may be continuous, but also that its work may 
be efficient. Experience shows that this officer should be the 
Secretary, and that he should be the executive officer who, with 
the advice of the President and Executive Committee or Coun- 
cil, should not only execute but also shape the policy. Presi- 
dents come and Presidents go; generally they are King Log; 
rarely, fortunately, they are King Stork. Their natural function 
seems to be to accept office both as a high compliment to them- 
selves and as giving a chance to aid by their advice the growth 
of the society, and perhaps, if they be of force, to leave some 
impress of their character. But the active working man should 
be the Secretary. The Society will be what the Secretary makes 
it. In order that the policy of a society such as we aim to be 
should develop with proper promptness, and that its affairs 
should be administered with efficiency, the Secretary should be 
able to give a very large amount of time to its work. This 
practically means that he should be salaried. The first duty 
that pressed upon my administration was to find such a one, a 
man who could spare the needed time, who had the needed tact, 
administrative talent and breadth of view, and also—and here 
is the rub—who occupied a judicial position, between maker and 
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user. If] am right in saying that the society is what the Secre- 
tary makes it, and if the society is to perform a judicial function, 
setting up specifications which shall be standards of reasonable- 
ness as between maker and user, then it is imperative that the 
Secretary himself shall not be identified either with the manu- 
facturing or the consuming interest. This eliminates at once 
probably three-fourths of the available men. It leaves us the 
teaching and investigating staffs of our institutions of learning, 
the editorial staffs of our technical press, and perhaps a few 
independent investigators. 

Your Executive Committee labored for months with this 
- question, and asa result Iam confident that in our present Secre- 
tary, Edgar Marburg, Esq., Professor of Civil Engineering in the 
University of Pennsylvania, we have found the man who fulfills 
all the requirements which I have set forth. For him I predict 
confidently a successful administration of the affairs of this 
society. 

Whence the funds for a Secretary’s salary and expenses? 
As this society in effect serves these two great classes directly, 
the makers and the users of the material of construction, why 
should we not appeal to them for the funds to enable us to serve: 
them efficiently? Of this appeal we have made a hopeful begin- 
ning. 

As is explained at greater length in my report of the Buda- 
Pesth Congress, the President and Council of the International 
Association seemed unalterably opposed to the formation of 
national sections, and insisted that national or other local 
‘organizations of members of the International Association 
should be, not sections, but independent organizations, of which 
preferably every member should be also a member of the Inter- 
national Association. When we asked for the recognition of the 
American Section, as a measure of independence, they in effect 
replied, make your independence complete. As the greater 
includes the less, we may hold that we have the essence of what 
~ we sought. To be sure, we also sought that our independence 
should be coupled with the name of American Section of the 
International Association for Testing Materials. But few of us 
care for the name provided that we get the substance, for the 
shells provided that we get the oyster, for appearing to have our 
way provided that we actually have it in effect. 
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That our independence should be complete seems very 
desirable on account of the extreme divergence between the 
policy of the majority of the European members of the Inter- 
national Association for Testing Materials and our own policy. 
They regard methods of testing as the subject of paramount 
importance, and the erection of standard reception specifica- 
tions as wholly secondary; indeed, a very large fraction of our 
European colleagues seem strongly opposed to even raising the 
question of standard specifications. We regard the question 
of standard specifications as of paramount importance, as 
indeed, an important world-question, and we regard the ques- 
tion of methods of testing as of a much lower degree of impor- 
tance. With such a divergence of views, serious conflicts are 
to be apprehended if we owe to the parent society the allegiance 
of even a limited suzerainty. 

Your Executive Committee therefore has adopted and will 
recommend to you the plan of changing our condition from that 
of a section of the International Association to that of a 
quasi-independent though very closely affiliated society, of 
which every member must necessarily be a member of the 
International Association for Testing Materials; though mem- 
bers of the Association resident in America need not, if we be 
abhorrent to them, join our society. Few such will probably 
be found. 

This then is our record of things done or begun, the record 
on which we must have your approval or disapproval. 

Harmony with the parent society established. 

The establishment of a permanent working secretaryship. 

An appeal to the industries which we serve for the sinews 
of war to make our service effective. 

The change of state to that of an independent affiliated 
society. 

What we have done and begun we believe are essential to 
the efficiency of the society; our service then we believe has 
been to devise and establish an efficient working scheme. The 
actual working of that scheme we must leave to our successors, 
to whom God speed. 


PROPOSED MODIFICATIONS OF THE STANDARD 
SPECIFICATIONS FOR STEEL RAILS.* 


TOPICAL DISCUSSION. 


(a) Drop Test. 


THE PRESIDENT.—The question before you is this: the The President. 
standard specifications for steel rails, adopted by this Society 
provide that one drop test shall be made on a piece of rail chosen 
from every fifth blow. The American Engineering and Main- 
tenance of Way Association proposes to change that feature by 
prescribing one drop test for every blow. The question for dis- 
cussion is: Shall a drop test be specified for every blow or for 
every five blows? I think that is a question on which a good 
deal can be said. 

Joun McLeop.—I believe it would not be desirable to make Mr. McLeod. 
any changes in the specifications adopted by our Society. These 
specifications represent what they were proposed to represent, 
that is, standard American practice of to-day. This proposed 
requirement of the American Engineering and Maintenance of 
Way Association may become standard practice; when it does 
it will be in order for us to change our specifications. I believe 
further that the standard specification of the future will be dif- 
ferent from our standard specification of to-day, for the reason 
that a radical change has been made in the process of manufac- 
ture of rails which is now on trial; and we think, if the new 
process is a success, that the carbon limit, for instance, can be 
changed and will be changed voluntarily by the engineers. There- 
fore, to depart at this time from what we have undertaken, 
that is, to produce a specification representing present Amer- 
ican practice, would be unwise. 

This question of having a drop test from every blow or from 


* These standard specifications were adopted by letter-ballot of the Society on August 
10,1901. The American Engineering and Maintenance of Way Association, at its annual 
meeting in Chicago, March 18, 19, 20, 1902, adopted specifications for steel rails, departing 
from the aforesaid Standard Specifications in certain particulars (see pp. 9-10 of this 
volume.) These modifications were brought to the notice of the American Branch of Inter- 
national Committee No. 1, and it was decided to submit the same to the Society for general 
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every fifth blow was taken up by our committee and thoroughly 
discussed. It was a compromise on the part of both the manu- 
facturer and the engineer; when the committee decided to take 
the middle ground, by specifying one drop test from every fifth 
blow. 

Since the pig iron goes into the mixer and thence into the 
converter to be converted into steel, the process is a continuous 
one, and one test from every fifth blow should furnish a com- 
plete check. If the material from one blow should happen to 
be unsatisfactory, there is a provision in our specifications which 
allows you to go back successively to the preceding blows until 
you find where that bad steel started; and you can likewise go 
to the succeeding blows consecutively until you find where it 
stops in that direction. 

I believe these specifications are fair; and I believe that it 
is not dignified to be continually changing. We have certainly 
issued our specifications, and by so doing and discussing them 
have shown to the public that they represent our opinion. Now 
if they represent our opinion, why change them in less than six 
months after we have expressed that opinion? I believe it 
would be unwise to make a change and, as a member of Com- 
mittee No. 1, I should dislike very much to see that change 
made. 

H. H. CampBe_i.—My objection to the test for every heat 
is this: as Mr. McLeod has said, most people know steel rails 
are pretty nearly uniform, so far as chemical composition goes, 
in our steel works to day. I think that those who are in the 
inspection business know that from heat to heat the changes in 
carbons, etc., are not worthy of very much serious consideration. 
What we are after to-day is the heat treatment, apparently; 
all the discussion seems to center upon that portion of the work, 
on the microscopic structure of the steel, on the physical char- 
acteristics. I make the point that testing one bar from every 
heat does not settle that question in any way. If each separate 
heat were treated on a different day, or a different month, or a 
different hour under different conditions, then it would be worth 
while to investigate those separate lots treated under different 
conditions; but when a dozen heats of steel are in the furnaces 
and under the same treatment at the same time, when they are 
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going through so fast that it is almost impossible to distinguish Mr. Campbell, 
one heat from another, when they are all on the beds together 
and are practically one and the same thing, why pick out one 
bar from each heat to test’ If you are after the physical struc- 
ture and characteristics you do not find out anything more by 
testing one from each heat: we know nothing at all about the 
remaining bars from that heat. For instance, if the blooms are 
being reheated, then one heating furnace may contain parts of 
two heats and the remaining parts of those two heats may be in 
another furnace. We have had a great fight over a clause in 
specifications requiring a test from each heating furnace; and 
yet there is just as much sense, I was going to say more, in having 
a test from a heating furnace for a bloom than from a heat made 
in the Bessemer; but we don’t want both, and I think it is un- 
necessary in rail practice to have even the one from each heat; 
because if you get back to the heating furnace, then you should 
have one from each end of a bloom, because it is so very easy in 
the heating furnace to overheat one end and not the other, and 
everybody knows that if you overheat it at all the chances are 
it is only on one end and your rail crop may be cut from the 
other. When you test one end of a rail you practically know 
nothing about the other; because one end will be all right, even 
if the other end is overheated. Moreover the blooms in one end 
of the furnace may be overheated and not in the other, so that 
‘if you really want to know about the physical characteristics 
you have got to test both ends of every bloom and of every rail, 
which of course is entirely out of the question, so that the only 
thing to do is to test a sufficient quantity of steel to know how 
the steel is running in the average product of that mill, and I 
think that is determined by testing one out of every five heats. 
RoBeErT Jos.—I suppose that we shall all agree that safety Mr. Job. 
is the essential feature in a rail. We have found as a general 
thing that the condition which results in fractures under a drop 
test is not so often the granular structure of the rail, as the pres- 
ence of foreign matter and gases, or, in other words, anything 
which breaks up the continuity of the steel. The main thing to 
guard against, then, in order to have a safe rail is foreign matter 
and enclosed gas. In following out the ordinary mill practice 
so great a variation in quality can come in between the different 
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heats, and throughout the heats, that testing only one heat in 
five is giving a great deal of latitude in margin of safety, and our 
experience has shown that it is exceedingly undesirable to have 
any such arrangement. We find one heat, for instance, which 
gives excellent results under drop test; the next heat may show 
complete failure, merely on account of the foreign matter which 
is present; perhaps the next one will be a failure, or possibly it 
may be a good one. Sometimes we find the result runs in one 
direction and sometimes in another, and there is no definite 
certainty regarding it. Upon that account, we consider it un- 
safe at times to allow the latitude given by a system of testing 
only one heat in five. Therefore it seems to me very desirable 
that our specifications should conform to what I think we can 
say is the best standard practice to-day, specifying a drop test 
upon a butt from every heat. It is the practice in many mills 
to-day, and by a good many railroad companies, and is the prac- 
tice abroad. I think, also, it is no more than fair and just to 
consumer and manufacturer alike, to have this test from each 
heat, as a matter of protection to the mill, to the consumer, and 
to every patron of the road. 

It is said to be the practice of the London and North- 
western Railway to take one rail from the top of every heat 
and to subject it to a drop test of one ton falling thirty feet. 
This, I understand, is the general practice. 

Mr. CampBe__t.—Does the speaker state that that is the 
general practice abroad? 

Mr. Jos.—I might withdraw the statement, ‘‘ general prac- 
tice;’’ I shall merely cite it as an individual case stated recently 
by Sir Lowthian Bell to be the practice of the London and North- 
western Railway. 

Mr. CampspeLty.—One of the most stringent specifications 
is that of Sir Alexander Meadows Rendel, and this calls for a 
test on one rail for every two or three hundred tons. This is 
picked out of the pile at random, and the whole lot is accepted 
on the strength of this one test. It is two or three years since 
I have had any experience with these specifications, but they 
apply to the rails purchased for all the state railways of India, 
and the rails abroad are very much softer than they are here, and 
will stand a much greater shock. 
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Wo. R. WessteR.—Sir Alexander Rendel specifies a 30-foot 
rail placed on supports three feet apart. The fracture often 
takes place outside of the points of support. The test is not as 
severe as on a shorter piece as the arms hold it up. Sir Rendel 
had his assistant at the India State College look up the method 
that we are using in this country, with the idea of adopting it, 
because his method was not satisfactory. They found English 
rails in India had been very unsatisfactory; but I am glad to 
say that the American rails sent to India, from the Maryland 
Steel Company, have given very good satisfaction. 

Mr. CaMPBELL.—I do not want to be understood as belit- 
tling Sir Alexander Rendel’s specifications. I only want to say 
it is not the universal practice at all. 

Henry M. Howre.—Do I understand that the failures in 
rails have been traced to the presence of certain foreign matter 
in the steel, to wit: slag, oxide, and certain gases? If so, that is 
a very remarkable thing; and I would like to know whether 
those gases have actually been determined—whether the pres- 
ence of that slag and those oxides in .50 carbon rail steel has 
been shown—whether, by actual analysis, those oxides and slags 
and other foreign matter have been shown to exist and to be 
the cause of rupture. 

Mr. Josp.—The way in which we get at that is by taking a 
rail section which has been fractured under a drop test, polish- 
ing off the entire section, and etching it lightly. I think it 
immaterial what etching medium is employed; we have used a 
strong solution of iodine in alcohol; and on etching have found 
the presence of a considerable amount of foreign matter and gas 
in cases where there has been a fracture of the rail. 

Mr. Howe.—I should rather think that it would be un- 
soundness or sponginess rather than presence of foreign matter. 

Mr. Jos.—The point is, it is not a solid homogeneous ma- 
terial, and the fact that it is not so necessarily implies the pres- 
ence of foreign matter of some kind. 

ALBERT SAuveUR.—I should like to say a few words 
concerning the location of the piece of rail selected for the drop 
test, as I think that it has a direct bearing upon the subject of 
this discussion. It has been a constant source of surprise to 
me to see what very scant attention has been paid by our Com- 
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mittee No. 1 in its specifications for steel rails to the very im- 
portant question of what in mill parlance we call “piped”’ rails. 
Rail manufacturers, as you all know, discard seldom if ever over 
10% of the total weight of their ingot. I asked them if they 
think that 10% is enough, to guard us against the production 
of ‘‘piped’’ rails. It is my experience, and I think it is that of 
many others, that the pipe extends much deeper into the ingot. 
I believe that in the present practice of rail makers the first rail 
rolled from each ingot is, to a greater or less extent, a “‘piped”’ 
rail, and therefore a defective rail, and I base my belief upon 
my examination during the last ten years of hundreds of rails 
that had proved defective. In the majority of cases I was able 
to trace the cause of the failure to the presence of “‘pipe,”’ 2. e 
of unsound metal in the head of the rail. 

We should also remember that the present tendency 1s to 
allow more and more carbon in the steel, and that with the in 
crease of carbon the tendency to form a‘‘ pipe”’ increases as well 
as the unweldability of the metal. It appears to me, then, if 
my premises are well taken, that the situation is a very serious 
one—one that should receive our careful consideration and the 
careful investigation of our Committee No. 1. It is, moreover, 
I think, a situation which most of us realize, but for some reason 
or other we have never faced it squarely. 

If my fears are justified a clause should be introduced ata 
the specifications to guard consumers against the rolling of those 
defective rails; and I think the best and most effective way to 
reach our end would be to prescribe that the piece of rail selected 
for the drop test shall be taken from the top of the ingot; that 
is, shall correspond to the portion of the metal immediately 
succeeding whatever the manufacturer cuts off. It is my belief 
that under our present practice a very large proportion of the 
pieces would fail under the drop test. Such specifications would 
necessarily compel the manufacturer to discard a sufficient 
amount of metal. 

If the manufacturers claim that they only roll sound metal; 
if they claim that after discarding—whatever they do discard— 
the remaining metal is sound, then surely they should not object 
to have us select the top end of the ingot for testing. If they 
do object to it, it is because they feel or know that that rail is 
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weakest; and is it not a perfectly logical and sound policy to test 
the weakest, or what is likely to be the weakest, member of a 
series instead of the strongest member? It gives us an in- 
creased guaranty that the rails which have not been tested will 
come up to the standard. If we do not do so we encourage the 
production of many defective rails. 

P. E. Caruart.—All our experience goes to show that one 
heat tested out of every five is sufficient to show the charac- 
ter of the steel. With reference to the point raised by Mr. 
Sauveur, I may say that it has been the practice of the Illinois 
Steel Company for the past ten years to select the drop test piece 
from the rail representing the first steel out of the top of the 
ingot. I believe that is also the practice of the other leading 
rail mills. 

Georce E. THackray.—Regarding the discard spoken of 
by Mr. Sauveur, he possibly has overlooked the point that this 
question is already well taken care of in the standard specifica- 
tions for steel rails in which paragraph 1, clause (e) reads as 
follows: 

“ Sufficient material shall be discarded from the top of the ingots to 
insure sound rails.”’ 

It appears that this is broad enough to fully cover the 
question of the necessary amount of discard, and as far as now 
understood, all of the rail mills in the United States conform to 
this practice. ; 

To return again to the subject of making a drop test from 
every fifth heat of rails, some of the speakers seem to have for- 
gotten that the standard specifications prescribe that in case this 
first test fails, 


“two other rails will be subjected to the same tests, one from the 
blow next preceding, and one from the blow next succeeding the rejected 
blow,”’ and ‘‘in case the first test taken from the preceding or suc- 
ceeding blow shall fail, two additional tests shall be taken from the same 
blow of steel, the acceptance or rejection of which shall also be deter- 
mined as specified above, and if the rails of the preceding or succeeding 
blow shall be rejected, similar tests may be taken from the previous or 
following blows, as the case may be, until the entire group of five blows 
is tested, if necessary.’’ ‘The acceptance or rejection of all the rails from 
any blow will depend upon the result of the tests thereof.” 


From this it may be seen that in case of failures, every heat 
of the group of five will have been tested. 
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Regarding certain statements made by prior speakers, you 
all know that the process of rail manufacture is a continuous and 
rapid one, and that for any given period the same class of metal 
is probably being charged into the Bessemer converter, while 
in modern mills a blow is made every six or seven minutes, so 
that under these conditions, there is no reasonable possibility of 
much change in the quality from heat to heat. 

Under these conditions which now obtain in the modern 
process of rail manufacture, it seems that it is asking more than 
can be comfortably done to require a drop test of each and every 
blow, as this would only result in delay and disturbance of the 
rapid work. Although the modern process of rail manufacture 
is referred to as a rapid one, this does not mean that it is neg- 
lected, and the very fact that it is rapid, insures that it proceeds 
with regularity and uniformity, thus maintaining the same good 
qualities throughout any lot. This point was ably demon- 
strated by our retiring chairman, Professor H. M. Howe, in a 
paper read before the American Institute of Mining Engineers 
1887 on the uniformity of Bessemer steel. 

E. F. Kenney.—As to the practice of the Illinois Steel Com- 
pany with regard to the location of the test piece I have no 
personal knowledge, but at almost all of the eastern mills no 
attention is paid to that. Asa matter of fact at reheating mills 
it is almost impossible to know what is the top of the ingot; it 
would require a private detective to watch the ingot in its passage 
through the reheating furnace. We find that one mill is: so 
arranged that they cannot give us the butt; they have, in fact, 
refused repeatedly to do this. The present practice of taking one 
test from every five heats does provide for cases where the test 
piece fails under the drop, and the manufacturer is protected 
from condemnation of all the material in the other four heats 
by subsequent tests specified to be made, but the success of the 
one test piece means that the purchaser must accept, besides 
that heat, four other heats which have not been represented at 
all, and they may be very inferior metal, perhaps through over- 
blowing, although the process of manufacture is a fairly uniform 
one; yet each distinctive heat may have had a different heat 
history in the converter, and for that reason one test may not 
fairly represent the whole five heats. 
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Mr. Jos.—In one particular lot of rails which we had, taking 
five consecutive heats, the first one failed under the drop test: 
the next two heats were good; the next one failed, and the next 
one was good. Now, we have had instance after instance of 
taking a number of heats together which have given entirely 
different results within a range of five heats. Is it right, as a 
matter of protection to the traveling public, to make the guess— 
to pick one of those five heats at random, and say because the 
one is good, that therefore the other four are perfectly safe? 
In our tests it has not been shown so; in fact, the very reverse 
has been shown, and it has been proved beyond question that 
practically no reliance can be placed on the quality as a whole 
by testing only one heat in five. 

Mr. CaMpBELL.—We ought to be very careful about the 
use of terms. I have protested privately to Mr. Job about the 
use of the term “‘foreign matter,’ which has just led to a mis- 
understanding with Professor Howe. I think it will lead to a 
misunderstanding in print with almost everybody. By “foreign 
matter’? we mean a tangible thing like slag, or oxide of iron. 
Mr. Job is perfectly correct in stating that gas is foreign matter, 
but it is not so spoken of in our common usage. Moreover he 
states that failures were due to foreign matter, meaning by that 
that the rails which have failed have generally contained either 
foreign matter or blow-holes; but there is a lack of logical demon- 
stration that the failure was due to those things. Now, a rail 
may be porous from many causes, and it may contain holes that 
are almost vacuous, or those holes may contain gas under pres- 
sure, or under no pressure. The conditions causing those three 
things are entirely different, and one of those conditions may 
make bad steel and another may make good steel. I have seen 
steel full of blow-holes which was perfectly good; I have seen 
steels full of blow-holes that were not perfectly good. I do not 
doubt but what some rails have failed because they were made 
under conditions which produced blow-holes, but when Mr. Job 
makes the statement that it is proven that these particular rails 
broke because they contained foreign matter and he means that 
some of that foreign matter was simply blow-holes, I wish to 
question the logic of the conclusion, because I think it is not 
proven. We simply know that it is an associated circumstance, 
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and I do not think that a rail specification should be based on 
aguess. It should not be assumed that there is a logical demon- 
stration of causal connection when there may be only an asso- 
ciated circumstance. 

Another thing ought to be considered very closely: I do 
not like to beg the whole question, but I object to the statement 
that the testing of a three-foot piece from every heat makes 
certain just exactly what we have, either for good or for bad ;— 
it does not. If you want to find out, just test twenty pieces, 
forty pieces, and fifty pieces from one heat, and see if you will 
not sometimes get one broken one out of them. You have rails 
from the top of the ingot, rails from the bottom, and rails from 
the middle; you have tops from different ingots; you have got 
the last ingot that has some slag on it and possibly a littie dirt, 
and it may be segregated a little way down; all the rails are not 
cooled under exactly the same conditions, not heat-treated in 
exactly the same way; I think we should be very careful and 
be sure that we have reached the final answer before we involve 
manufacturers in great expense in the development of new 
methods of testing. I believe that it is quite safe to presuppose 
a reasonable uniformity in the material from heat to heat. 

S. S. VooRHEES.—With regard to the individual heat treat- 
ment of each rail, we had an experience some years ago which 
is rather conclusive. A lot of rails were bought prior to the in- 
stallation of the inspection department, and went into service 
in Georgia. During the cold weather of February, 1898, one 
of those rails broke and caused a bad accident, and the rail was 
sent to us for examination. We found that the rail was hard 
and brittle. Chemical examination of borings from the top of the 
rail showed a normal composition: .4 carbon; manganese, about 
.8; phosphorus inside Bessemer limit—.og8, I think. A section 
from top of head was machined and tested. It showed about 
97 000 tensile strength, and no stretch at all, with a very 
coarse fracture. Another section taken off the other side of 
the head was annealed (heated up to cherry-red and cooled 
slowly in charcoal), and on testing showed a normal, 15% 
stretch. We did not have enough material for the drop test; 
but I have no doubt, from the way it behaved when it first came, 
that it would have failed under the drop test. A further inves- 
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tigation showed that the material was very seriously segre- 
gated, containing a large excess of sulphur and phosphorus; 
the phosphorus in the center of the web went up to .176. The 
failure, I should say, was due both to excessive segregation and 
to too rapid cooling from a higher temperature. That rail was 
rolled in November, if I remember rightly, and it was possibly 
one of the first ones rolled and went out on the cold bed. The 
fact remains that that rail failed. If that rail had been put 
under the drop test it would doubtless have failed; but the 
rest of the rails in that blow were perhaps all right. We have 


_to take a good deal on faith; for we cannot test every rail to 


destruction. 

Mr. Jos.—In connection with the matter Mr. Campbell 
just mentioned as to whether it was a matter of experience that 
rails broke on account of the presence of this foreign matter, 
an additional page of history may be of interest. At one time 
we had a large number of rails which broke under the drop test, 
and spliced in between those different heats were a number in 
which the rails did not fracture, and we investigated the matter 
very carefully to satisfy ourselves as to the definite cause of the 
fracture, or of the absence of the fracture, as the case might be. 
As far as the chemical composition was concerned, we found 
only very slight differences; that is, whatever differences there 
were, were so small that they could not have been the cause of 
any difference under the drop test. Sometimes the broken butt 
had the more favorable composition, and that which did not 
break had the worse of the two; although all of them were 
satisfactory in composition. Then we examined the micro- 
scopic structure and found that as far as the size of the grain 
was concerned, there was practically a similarity,—merely 
slight differences. When we carried the matter a step further 
we found that those rails which broke under the drop test, 
showed a surface which on etching was quite pitted with por- 
tions of foreign matter, under which term I include gas, as I 
consider that gas isa foreign matterin arail. We also took rails 
which did not fail under the drop test; and in every case that 
we examined, and we examined a good many, we found that 
there was a band of clear, homogeneous material around the 
outside of that rail; in other words, the one which had broken, 
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which was brittle and went to pieces like glass under a single 
blow of the drop test with a given composition, had these defects. 
The extent of the latter was more or less pronounced; some- 
times they extended into the centre; sometimes they were 
merely upon the outside; but we always, in all of those broken 
rails, found indication of this foreign matter and gas in the steel; 
and in the case of those which did not break, of the same com- 
position, and under the same conditions of rolling, we found a 
band of homogeneous metal around the outside. It looked to 
us at that time—and it does so now—after following out the 
investigation more thoroughly, that the effect of each condition 
upon the strength was definite. ‘ 

Mr. Tuackray.—Apropos of the subject of foreign matter 
having such a preponderating influence upon the quality and 
wear of steel rails it seems that this is something new, and rather 
radical, and we ought to have considerably more light upon a 
subject of this kind before making any conclusions so broad and 
sweeping, based upon such slight premises. It might be well 
to remember that, apart from the tensile strength of the material 
the ability to stand a drop test, for example, is very well shown 
by the old-fashioned wrought iron which is full of foreign matter 
and possesses a great many of its good qualities by reason of the 
fact that, instead of being a homogeneous material it is a bunch of 
fibers separated by foreign matter, and each fiber when deformed 
by bending has the opportunity to slide, just as the strands of 
fiber of a rope would under similar conditions, and it does not 
break. This is merely given as a rough illustration of what 
foreign matter has done for wrought iron. 

Mr. Caruart.—Referring to the drop test, for eight or nine 
years it was the practice of the Illinois Steel Company to make 
one drop test on every heat, the requirements being identical with 
the ordinary specification that two out of three tests shall stand. 
The number of failures were, however, so exceedingly small that 
our company decided that it was unnecessary to continue this 
practice. Our practice to-day is in keeping with the present 
standard specifications. I certainly think, and I believe you will 
agree with me, that eight years’ experience is pretty fair evidence. 

Mr. Howr.—The expression ‘‘ foreign matter” for this spong- 
iness appears to me a misleading one. Certainly it completely 
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misled me; and if it misleads one it may easily mislead others. 
From the reference first made at this meeting to these things, 
I understood that it had been shown that dissolved or occluded 
gases, and slag in microscopic particles such as exist in wrought 
iron, for instance, and to a minute degree in steel, caused rup- 
ture. I now understand that it is nothing of the kind, but 
spongy or unsound spots, due initially to blow-holes, pipes or 
some like cause that were referred to. Such sponginess, I think, 
is not well described as foreign matter. Empty cavities should 
not, I think, be spoken of as gases. Such cavities, may be, have 
been formed by gases in which case they are not gases but 
sponginess left by gases; or they may be due to contraction, in 
which case they may have nothing whatsoever to do with gases. 

The term ‘‘foreign matter’’ might naturally be thought to 
mean elements like manganese, silicon, phosphorus, graphite, 
etc., elements which are often incorrectly grouped together as 
““metalloids;”’ incorrectly, because manganese is about as 
metallic as a metal can be, and has nothing metalloidal about it. 
Those of us who speak accurately, long ago rejected this term 
metalloids for these elements, and speak of them as the “foreign 
elements.’’ This expression is well established; and to coin a 
new expression ‘“‘foreign matter” so closely like it in sound, to 
cover the wholly distinct class of things, sponginess and slag, 
seems to me most unfortunate both because very likely to be 
misunderstood, and because it seems wholly improper to speak 
of empty cavities as ‘‘matter.”’ 

Turning now to a different subject, I think that the demand 
for testing every heat rests in large part on a confusion of ideas, 
on the idea that each heat is a homogeneous whole, and that if 
we test each heat then we are nearly sure to detect all bad steel. 
But this is not at all the case. A given heat may yield much 
steel that is good and some steel that is bad. A given heat is 
by no means a homogeneous whole, alike in all its parts. The 
different ingots are cast under somewhat different conditions; 
they may be treated very differently in the heating furnace, the 
finishing temperature may be very different, etc. Therefore, 
testing each heat is by no means in itself a guarantee that all 
bad steel will be detected, nor is it necessarily a rational basis 
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Mr. Howe. 


Mr. Howe. 


36 Discussion ON Drop Test or Ralts. 


It seems to me that the proper basis for deciding whether 
we shall test a piece from every heat, or a piece from every five 
heats, or a piece from every other heat, really is a question of 
reasonable frequency of test. The object of testing as I take it 
neither is nor can be to detect by direct test all bad steel with 
certainty, because in order to do that we should have to test 
every piece, every rail or every tire. The object is wholly dif- 
ferent. It is to hold up a warning and a penalty to the manufac- 
turer such as to induce him to regulate his manufacture with such 
accuracy and uniformity that all steel shall be good. The num- 
ber of tests should be governed by the consideration that they 
must be frequent enough, not to detect every bad piece of steel, 
but to ensure that, if the manufacturer is careless or irregular, 
then from time to time this irregularity will be detected through 
these tests, and a prohibitory penalty will be inflicted on the 
manufacturer. This, it seems to me, is the true point of view, 
not to aim to detect directly every bad piece of steel, but to hold 
up a severe penalty to the manufacturer for irregularity, and 
then to have tests of such frequency that the manufacturer will 
realize that, if irregularity exists, if he even occasionally makes 
bad steel, the chance of detection and punishment is danger- 
ously great, and the danger of the conséquences is prohibitorily 
great. 

If my view is right then it becomes purely a question of 
reasonableness how frequent these tests shall be in order to 
bring the manufacturer to act on this principle. To make the 
matter a little clearer let us take the position of the manufac- 
turer: suppose that his manufacture is so irregular that every 
now and then a bad rail is made. Suppose that tests are so fre- 
quent as to lead him to foresee there is a prohibitorily great 
chance that some one bad rail will be detected, and will bring 
upon him an intolerable penalty. That throws upon him an 
irresistible motive to remedy that irregularity, and that motive 
is just as powerful as if he knew that every individual bad rail 
was to be detected. Our object as I take it is to bring about 
complete freedom from bad rails, or bad product of whatever 
class it may be. We cannot bring that about through detecting 
every bad rail. That is an impossibility. We must bring it 
about by providing a severe penalty, and then making tests of 
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such frequency that there is a clearly prohibitory danger that, 
if irregularity in the manufacture exists to such a degree as to 
lead even occasionally to bad rails, at least one of these bad rails 
will be detected, and that the penalty in that case will be in- 
tolerable. This danger should be so great as to force the manu- 
facturer in self-defence to remedy the irregularity. 

Mr. Kenney.—Is not that a little revolutionary? Has not 
the heat always been recognized in every mill in the country as 
aunit? I should like to ask Professor Howe that. 

Mr. Howre.—The answer is that we recognize the heat 
aS a convenient unit, but that does not mean at all that 
every heat should be tested. We must decide upon some reason- 
able frequency of test and the most convenient method of ex- 
pressing this degree of frequency is to say that we will take a 
test from a certain specific number of heats. This may be one 
test from each heat, or it may be one test from every ten heats, 
or one test from whatever number of heats it appears reasonable 
that we should select in view of the reasons which I have already 
stated. 

Mr. SauvEuR.—If it be true, as Mr. Campbell has well 
said, that the result of one test does not prove that the whole heat 
comes up to the standard, still less does it prove that five con- 
secutive heats are right. It only points that way. It increases 
our confidence in the metal if we test it and find that it stands the 
requirements; and if we make more than one test—if we make 
more frequent tests—it simply increases our confidence a little 
more; the more satisfactory tests we make the greater is our 
confidence in the metal. It is only a question of how many 
tests we can reasonably require without undue interference with 
the process of manufacture. It seems to me that that is the 
whole question. 

Mr. Jos.—Mr. Carhart mentioned the experience of his 
mill and the small number of failures which occurred under the 
drop test. If we had obtained such results running through our 
drop tests, I may say that it would be almost immaterial whether 
we made drop tests or whether we did not; for under such con- 
ditions we would be perfectly willing to admit the arrangement 
of one test out of every five heats. But unfortunately in our 
regular practice we have found a difference at different mills. 


Mr. Howe. 


Mr. Kenney. 


Mr. Howe. 


Mr. Sauveur. 


Mr. Job. 


Mr. Job. 


Mr. Howe. 


Mr. Job. 


Mr. Howe. 


38 Discussion ON Drop Test oF RAILs. 


The good practice at one mill is not present at another, and in 
order to know definitely about the quality of the steel at some 
mills, we may find it necessary to take more precautions than 
might be necessary at others. We have found this practical 
difference, and we must remember, as was said in the first place, 
that we must have safety in our rails, and do whatever is neces- 
sary to ensure that condition. Now if a given mill is perfectly 
satisfied that its product will show very few failures, why should 
objection be made to one test from every heat? It would not 
cause the rejection of material as long as it were good, and I 
think it is no more than right to the consumer that he should 
be given a fair assurance where safety is concerned. 

Regarding the question of “foreign matter” discussed by 
Professor Howe, I do not wish to coin any new term, but merely 
to express the known condition in such a manner as to be most 
clearly understood, and if that will be effected by saying that we 
find the presence there of foreign matter and gases, why, that 
will certainly be the proper way to express it. 

We find some rails, for instance, that show this condition. 
Originally the material contained blow-holes with practically no 
oxide and no slag in them. In the process of rolling the blow-holes 
were drawn out, and practically nothing is observable except an 
unwelded seam. Of course, it was merely the presence of a cer- 
tain amount of gas which prevented the welding of the metal. 
What would be the best method of defining this condition? 

Mr. Howe.—I should call it an unsoundness. A spongy 
spot or an unsound spot. 

Mr. Jos.—You think that the best plan would be to 
group that whole condition under the word ‘‘unsound;”’ that is, 
to include all unsoundness, whether caused by oxides, slag or gas? 

Mr. Howe.—That question I am not prepared to 
answer finally without further consideration. I should think 
that “‘sponginess’’ or ‘‘unsoundness’’ would certainly mislead 
no one; whereas [| think it is very evident that to call this ‘‘for- 
eign mgtter’’ would surely be both misleading and inappropriate. 

The sort of structure to which I understand Mr. Job refers 
may be due to blow-holes, or it may be due to the contraction in 
cooling which gives rise to the structural cavity or pipe. It is 
hardly proper to speak of it as due to slag, because slag is not a 
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cause of such sponginess but simply a concomitant. The slag 
which is present in very minute quantities in molten steel segre- 
gates towards the last freezing part, and therefore is found in 
the spongy region about the pipe. 

Mr. Jos.—lIf the term “‘unsoundness’’ will define the con- 
dition better, I should certainly wish to have that term used. 
Unsoundness, then, will cover gases, oxides, and slag, or what- 
ever extraneous material is present in the steel. 

Mr. McLeopv.—I think the manufacturers have been mis- 
understood in their attitude towards this particular question 
and therefore I should like to explain, at least, the attitude of 
the companies I represent. We feel, and I believe the other 
manufacturers feel, that a test from even one blow in five is 
more than necessary; yet we find that we can do this without 
incurring the danger of paying demurrage on cars, and packing 
our shipping beds so that we cannot get the rails out of the 
way of the mill. It would certainly clog our mill, and be a 
difficulty for us to test every blow that we make. The rolling 
of rails is a rapid operation, and we are surrounded by all 
kinds of conditions which hamper the smooth running of the 
work. I object, and I think the other manufacturers will 
object, to more frequent tests, not through fear of failure, but 
through fear of other conditions which would arise because of 
so much testing. I think the engineers should be satisfied with 
the number of tests prescribed in the specifications adopted by 
this body some time ago. © 

Mr. CaMPBELL.—That is a point which should be brought 
out strongly. At a modern mill there is a heat rolled every five 
or six minutes. Now, if it is required that a drop test of each 
heat shall be cooled and tested, and a repetition made in case 
of failure, then there must be some pretty lively work night and 
day, for the rails have got to go through and get shipped and 
there must be no delay because that blocks the whole mill and 
yard. If we have a test every five heats it gives us a chance. 

Pau. KreuzpoiIntNer.—-Concerning the meaning of sound- 
ness or unsoundness and foreign matter in steel which has been 
raised here, I believe we have a right to speak about unsound 
steel though it may not be spongy or have any blow-holes. Steel 
has frequently come under my observation which was sound and 
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homogeneous to a high degree, and yet it contained foreign mat- 
ter to such an extent as to make it very brittle. Now the ques- 
tion simply resolves itself into what that foreign matter is. I 
remember one instance a number of years ago where a tire broke 
in service causing a wreck. The tire was sent to our place for 
examination, and as soon as IJ had fractured it under the drop 
I saw it was dirty steel; and before that examination was com- 
pleted a second tire broke, and a third one, causing a great up- 
roar. Of course, the manufacturer came on at once; and the 
matter was examined. At first glance the manufacturer de- 
clared that steel dirty. What made it dirty? There were no 
blow-holes nor sponginess, yet our examination and the manu- 
facturer’s examination declared that steel unsound and full of 
oxides and dirty to such an extent that the microscope was not 
needed at all. 

It is a matter of fact, proved every day in the testing room, 
that so-called foreign matter may be present, and produce de- 
fects in the steel to such an extent as to make it very brittle. 

Allow me to say also that we cannot, in justice to the manu- 
facturer or the consumer, compare any foreign matter of what- 
ever kind or extent, in its action on steel, to wrought iron. 
Wrought iron is entirely different in its behavior and structure 
from steel. The very material, namely the cinder, which helps 
to make wrought iron what it is, a fibrous, ropy metal, if intro- 
duced into steel, in minor quantities even, tends to make that 
steel unsound and unfit for use. Steel is crystalline, to begin 
with, and depends for its strength on the cohesion between the 
faces of the crystals. Any foreign matter present in steel acts 
like a wedge, so to speak, to drive the faces of these crystals 
apart. In wrought iron we have different conditions. The 
cinder, if it is not present in too great quantities, will act as a 
binder, so to speak. 

THE PREsIDENT.—Perhaps we have threshed out this idea 
of frequency of testing sufficiently. I may be allowed, before 
calling you to record yourselves on the matter, to say just a 
word from my own experience. The question of how frequently 
a test shall be applied is one that has given us a great deal of 
thought; and I am frank to say to you that in our specifications 
it is largely arbitrary. In oil we test one sample out of a car- 
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load. In axles we test one sample out of a heat; but some steel 
works make sixty axles in a heat, some make thirty, and some 
forty-five. In bronze we test one sample out of 20 000 pounds; 
in phosphor-copper we test one sample out of ro ooo pounds; in 
sheet -tin we test one sample out of every ten boxes. Where 
safety is involved we use more care than where it is simply a 
commercial question. We use our best judgment and make our 
sampling arbitrary to start with when a specification is made. 
Then, we follow the matter up very closely, and try to learn what 
experience shows as to the value of frequency of sampling. Does 
the service indicate to us, that bad material is slipping through 
between our samples so that we ought to sample more frequently? 
If so we change the specification and take more frequent sam- 
ples. Now it seems to me that this principle applies pretty 
well to the rail question. It has been very well brought out, I 
think, that to test every heat would practically block the mills, 
unless a number of drops were put up so that tests could be made 
as fast as the heats are turned out. On the other hand, is the 
frequency of breakage of rails such that those in charge should 
feel that they ought to test more frequently in order to get 
greater certainty? To my mind, that is the key to the situation. 

There is also one feature more that Professor Howe brought 
out a little, and that I had hoped to see brought out a little more 
fully, namely: the moral effect on the manufacturer of any test- 
ing. I am goingto say to you very frankly, we who use material 
do not deceive ourselves by thinking that because a shipment 
passes test, every bit of that is good material, but we do feel this: 
that the manufacturer will give more attention to his product, 
will, in short, make better material, if we occasionally test it, 
than if we did not test it at all; and especially, as Professor 
Howe has said, if, in case the test sample is not good, we make 
him pay the penalty. One of the great values of testing is the 
rejection, and the rigid rejection, of material that does not 
pass, whether the sample is exactly like the balance of the heat 
or not. It is the moral effect on the manufacturer of suffering 
the loss, as we look at it, that is one of the strong elements in the 
value of testing. 

Mr. McLeop.—I think that since these specifications have 
been passed on by the Society, the proper course for us to take 
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to-day would be to refer this matter to the American Branch of 
Committee No. 1, so that that Committee may make such further 
investigation as it may deem proper and then, as a result of 
such investigation, may refer the matter back again to the 
Society for action, just as was done in the case of the original 
specifications. I would like to offer this suggestion in the form of 
a motion. 

Ture PRESIDENT.—Would it not be well to have, in connec- 
tion with that motion, an expression of the sense of this meeting 
as to whether one drop test should be specified for every blow or 
for every five blows? 

Mr. McLeop.—I amend the motion of referring the ques- 
tion back to Committee No. 1 by adding that it is the sense of 
this meeting that one drop test for every five blows is sufficient. 
[This amended motion was duly seconded. ] 

James CurisTIE.—In connection with any criticisms made 
on our specifications, it would be well to remember that in formu- 
lating these and presenting them to the International Associa- 
tion, the Committee were not guided by the thought of present- 
ing any novel or ideal specifications. The guiding thought was 
to prepare specifications that would represent as fully as possible 
current and usual American practice. In fact, the primal inten- 
tion, as represented in instructions from the parent association, 
was to formulate standard methods of testing, based upon exist- 
ing specifications. Therefore these specifications should not be 
considered as what they should be with a view to improvements, 
but rather as representing the existing conditions. 

Tue PresIpENT.—If there is no further discussion I shall put 
the question. The motion is to refer the matter of drop tests 
back to the American Branch of International Committee No. 1 
with the statement, that it is the sense of this meeting that one 
test for every five blows is sufficient. [Motion carried.] 


(b) Heat TREATMENT. 


THE PRESIDENT.—The next question to be discussed is that 
of heat treatment. The American Engineering and Mainte- 
nance of Way Association have introduced the following clause 
relative to heat treatment in their specifications for steel rails: 
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¢ ‘‘ Heat Treatment.—The number of passes and speed of train shall be The President 
so regulated that on leaving the rolls at the final pass the temperature of 

the rail will not exceed that which requires a shrinkage allowance at the 

he hot saws of —inches for 85-pound and — inches for 1oo-pound rails, 

and no artificial means of cooling the rails shall be used between the 

. finishing pass and the hot saws.’’ 

: Our own standard specifications for steel rails contain no 

clause respecting heat treatment. The question for your con- 
sideration is whether or not it is desirable to introduce such a 

clause. 

Mr. McLeop.—I do not believe that at this time any one Mr. McLeod. 
knows enough on the subject to specify what the shrinkage 
i should be. We have adopted what we think is right, after 
Zs having made some experiments. We believe that we are right, 

although it is not necessary now to discuss whether we are right 

or wrong; the rails will tell that for themselves, and it will be 

some little time before they commence to talk. The railroad 
. companies will then tell us whether the rails we have furnished 
3 under our present system of rolling are better, worse, or as good 
a as those furnished before we had that system. We made a differ- 
ence of an inch in shrinkage from the old system to the new; on 
the heavier sections the difference is one-eighth inch more than 
that. The ratio that should exist between the new and old 
_ practice of other mills is probably different. We might have 
A been finishing a good deal hotter than some other mills when 
i we took this question up. 

T do not think that we should introduce a clause on heat 
treatment in our specifications as yet; because we do not know 
enough about it. Coupled with the heat treatment I think the 
chemical composition will have to be considered. A new speci- 
fication will perhaps some day be drafted which will represent 
current American practice, and in which the carbon will be 
lower, and the heat treatment more in line with colder finish. 
Time alone can tell, and the rails will talk for themselves. In 
the meantime I think it would be unwise and undignified to 
make such a change in our specifications. 

: Mr. WesstER.—As a member of the Rail Committee of Mr. Webster 
’ the American Engineering and Maintenance of Way Associa- 
tion, I would like to say that our views coincide to a certain 
extent with Mr. McLeod’s: since we did not feel that we knew 
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enough about the subject to say just what the specified shrink- 
age should be in the specifications, but we wanted to call atten- 
tion to the matter. You will notice that we did not adopt the 
shrinkage prescribed in the new specifications of the Pennsyl- 
vania Railroad Company, but left the amount of shrinkage 
blank. I think Mr. McLeod and the other manufacturers will 
agree that some account should be taken of the proper finishing 
temperature of the material, instead of finishing at almost any 
temperature, as some of them have been doing; although it 
may be premature to put it in the specifications at this time. 

Mr. CampBELL.—The steel makers are looking into this 
question very hard, and we shall know more about it after 
awhile, but there is one thing on which some light should be shed. 
I would refer it particularly to Mr. Webster as a member of the 
Committee, and as he thoroughly understands the question. The 
specification reads as follows: 

“On leaving the rolls at the final pass the temperature shall 
not exceed a given point.”’ 

How is he going to determine the temperature of the rail 
as it leaves the rolls? The cooling action is very rapid; there 
is water on the rolls; there is water on the finishing pass; the 
web is very thin; the flange is very thin; the flange is cooler 
than the head; the web is cooler than the head; the flange is 
cooler than the web; what does he mean by the finishing tem- 
perature? It is the head you are after. If the head is ata certain 
temperature, we don’t care so much about the web; the web is 
still colder. What is the temperature: do you want the web, 
the flange, or the head? How are you going to determine it 
when we find out what you mean? A certain time elapses in 
taking that temperature; it is only a few seconds—a fraction 
of a minute—but that is very important, and also the method 
by which the temperature is determined. Another question is 
in regard to the shrinkage at the saws; how long a time is going 
to be allowed from the time it leaves the rolls until you saw it? 
That is different in the different mills, and if you are to make a 
time allowance you must specify the coefficient of expansion 
and get that down very accurately for every different tempera- 
ture. It is a very important matter. Out in our mill we saw 
almost the instant it leaves the rolls; in another mill it is so 
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arranged that there is quite an interval. It may be ten seconds 
or longer. These things are not quibbles; they must be put 
down accurately, because tens of thousands of dollars are often 
involved in the acceptance or rejection of the rails upon one con- 
tract. 

Mr. SaAuvEUR.—The best way to regulate the finishing 
temperature, until we have looked into the matter more thor- 
oughly, would probably be to regulate the temperature at the 
beginning of the rolling; and to prescribe, possibly, a certain 
speed of rolling, for, of course, the finishing temperature of the 
rail depends directly upon these two factors. I am quite pre- 
pared to say, however, that I agree with other members in be- 
lieving that it is too soon to prescribe means for regulating the 
finishing temperatures; although we all recognize that it is a 
very important question, which eventually must be solved. 

Mr. WesstEerR.—I am glad that Mr. Campbell has raised 
the point as to using the shrinkage as a check on the finishing 
temperature. The Pennsylvania Railroad Company specifies 
that there shall be no delay from the finishing pass to the hot saw. 
The delay under the new conditions will be no longer than the 
delay under the old conditions. Under the old conditions the 
allowance. for shrinkage was about 7 in. in 30 ft. for a r1oo-ib. 
rail. Those rails, as a rule, did not give satisfaction. At 
present such rails can be roiled with 5 5-8 or 534-in. shrinkage. 
The measurement of the temperature is based on the distance 
between the saws and the length of the finished rail. The con- 
ditions being otherwise the same under the old and the new 
methods, the shrinkage is 1 4% in. less, indicating a finishing tem- 
perature several hundred degrees lower. The point that pre- 
sents itself to me is this: shall we saw and finish heavy rails at 
the last rolling, under similar temperature conditions as for 
lighter sections; or shall we ignore the question altogether and 
continue to finish them at a very high temperature? It has 
been suggested to start the material at a lower temperature at 
the first pass. We will have to determine whether the rolls will 
stand this, and many practical points will have to be solved; 
but the main thing is, will the manufacturers admit that there 
is any possibility of improvement in rolling, and, if so, what 1s 
the best way of reaching it? 
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A few years ago the Pennsylvania Railroad made no drop 
tests on rails, and specified nothing concerning finishing tem- 
perature. About three years ago they specified finishing at a 
dull red heat; but they found this useless, and have since 
specified the shrinkage. The shrinkage is an easy self-applying 
test, and one well worthy of consideration. We need not at- 
tempt to complete the specifications at once; but we should think 
about this matter. If the manufacturers will record the amount 
of shrinkage on each weight of rail and make drop tests, then 
if they find that a small amount of shrinkage gives a better rail, 
as indicated both by the drop test and in service, they will in 
time, no doubt, adopt this method. If, on the other hand, the 
consumers find that a large amount of shrinkage gives rails 
having a coarse grain and rails that are brittle, they are cer- 
tainly not going to continue to accept such rails. 

In view of the remarks referring to differences of position of 
hot saws in relation to rolls, etc., causing a greater or less delay 
in the time of cutting rails after they leave the rolls, I would 
suggest the following tables for recording the results, in order to 
arrive at the conditions under which rails are finished at the 
different mills: 


MILLS ROLLING FROM REHEATED BLOOMS. 


Shrinkage for Rail | Est’d Shrinkage Roll Est’d or Observed 
30’ long. to Hot Saw, Fin’g Temperature. 


70*| 80 | 90 | 100 | 70*| 80 | go | 100} 7o*} 80 | go | 109 


MILL, |— 


Ve 8 WPS ve bi well wie, oi 4] ele) w va Mieveayi een 


* The figures for 70-Ib. rails are for 7o-Ib. rails and. ander 
A similar table is recommended for mills rolling direct 
from ingot. 
Mr. CampBELL.—Mr. Webster asks whether the manufac- 
turers will acknowledge that there is room for improvement. I 
do not speak for all the manufacturers; I speak for only one of 
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them, when I say that we acknowledge it, but that is an Mr Campbell. 
entirely different thing from acknowledging that the shrinkage 
is the criterion to take. We know that there is room for improve- 
ment in certain directions, but we do not know that the shrinkage 
1 is the one thing on which to base our measure of that improve- 
. ment, and that is a very important distinction, because every- 
Fe thing in the proposed specification seems to be based on shrink- 


_ -— age. ~=« Shrinkage and quality may be related, but to say that 
i they are related directly and proportionately would be a very 
i; rash and, I think, a false statement, because there can be 
i instances adduced of mills which have been doing the very best 
3 work (of course I do not mean our own mill) where the rails did 


not shrink proportionately; rails have been rolled under proper 
conditions and have been in proper form and have given proper 
results, where the shrinkage on successive rails was far from 
uniform. 

In regard to any specification of starting the ingot at a 
certain temperature, J think it would be a radical mistake. The 
first point against it is that some mills reheat their blooms, and 
I do not think it is the business of this society, or of any railroad, 
= or of any other society, how a rail is rolled. I think it is better 
to roll a heavy rail down from an ingot in one heat, but I would 
not so specify. Ifa manufacturer can find a better way of doing 
it by making it in two heats, let him do it. The main point is 
the test of the finished material, and the punishment should fit 
the crime. It may be better that the ingot should be started 
4 at a high temperature, because you may weld it and more suc- 
cessfully close up the flaws and put’ the thing into shape, but it 
should be cooled down at some point in the operation so that it 
can be finished properly, but this is the business of the manu- 
facturer, and there is no reason why you should make him break 
; his mill down deforming a great big ingot in a cold state if he 
can finish it properly in some other way. 
F 


> 


Mr. Howe.—-It would be unwise to attempt to regu- Mr. Howe. 
late the finishing temperature through regulating the initial 
r temperature of the ingot or the bloom, because that would shut 
| out the work of the man who arranges to let his rails cool between 
his leading pass and his finishing pass. 
Now as to the possibility of regulating the finishing tem- 


Mr. Howe. 


48 y Discuss1on ON HEAT TREATMENT OF Ralls. 


perature by regulating the contraction after sawing. At first 
sight many may say that we do not know enough about the 
relation between the two to permit us to regulate the finishing 
temperature in this way. It is true that our knowledge of the 
connection between them is not highly exact; it is not clear to 
me, however, that our knowledge is not sufficient for this 
purpose. 

We often think that because we don’t know everything we 
don’t know anything; but that is like saying that, because I 
don’t know whether a man is 5 ft. 1134 in. or 6 ft. tall, 
I don’t know anything about his height. I do know very much 
about his height: I know that he is a tall man; for many pur- 
poses this is enough, and the further question whether he is 
5 ft. 1134 in., or 6 ft. tall, is unimportant. In this case I know 
all that is necessary, even though my knowledge is not exact. 

Now, is not the same true of this question of finishing 
temperature? Let us say that the interval between the finishing 
pass and the sawing is not to exceed a certain number of seconds, 
and that the manufacturers and inspectors agree as to what is 
a reasonable number of seconds to stipulate. Let us then say 
that the contraction subsequent to sawing is not to be more than 
a certain specified quantity. You will at first say that we do 
not know what quantities to specify. I admit that we do not 
know with extreme accuracy, and that we shall later know with 
much greater accuracy than at present; nevertheless, it is not 
clear to me that we do not know with sufficient accuracy to 
permit us to establish a limit of contraction which shall not be 
oppressive to the manufacturer and at the same time shall be a 
safeguard of considerable value to the purchaser. The manu- 
facturer certainly would not insist on being allowed a contraction 
as great as 12 inches, nor would the purchaser insist that the 
contraction should not exceed say 3 inches, to take most extreme 
figures. Now, between these two extremes is there not some 
reasonable limit to which manufacturers will agree, and which 
will be a really valuable safeguard for the purchasers? No 
doubt, with greater knowledge and experience we will be able 
to set this limit so as to protect the purchaser much more fully 
without causing a hardship to the manufacturer; but because 
we cannot reach perfection immediately is no reason why we 
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should not do what we can. I believe that there is some limit 
to contraction which we can agree upon to-day which is better 
than no limit at all. 

CuaRLes L. Huston.—I am interested in this subject not 
merely as a manufacturer of rails, but in its bearing on the gen- 
eral question of rolling steel. Years ago it was quite frequently 
claimed that steel should have a certain percentage of reduction 
from the original ingot to the finished section, or thickness: if 
the finished thickness was a quarter-inch, the ingot should be so 
many inches thick to start with, and so on—everything should 
be in certain proportion. That has all been dropped now; and 
I think it is very much in line with the subject we are talking 
about. The rolling in its early stages, when the metal is hot, 
produces no permanent effect on the metal, for it is so hot that 
it does not retain the effect of the rolling. The final tempera- 
ture is the important thing, of course. How that final tem- 
perature is reached is the interesting part of this question: 
whether one pass of 5% is sufficient after a certain time of 
cooling between passes to produce a permanent effect, or whether 
there is a temperature below which a permanent effect is pro- 
duced upon the steel, also whether that temperature can be 
determined by experiment and a certain percentage of reduc- 
tion shall be specified after the steel has fallen to that temper- 
ature. 

Mr. CAMPBELL.—It seems to me that this discussion might 
be more profitably continued this afternoon in connection with 
the discussion of the papers by Mr. Sauveur and Mr. Martin on 
rail temperatures. I therefore move to postpone the discussion 
till that time.* [Motion carried.] 


(c) LENGTH oF RAILS. 


THE PRESIDENT.—That leaves one question, namely: Shall 
the specified standard length of rail be thirty feet (30’) or thirty- 
three feet (33’)? 

Mr. WEBSTER.—I move to refer that question to the Ameri- 
can Branch of Committee No. 1. [Motion carried.] 


*For a continuation of this discussion see pp 85-06 
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IS IT DESIRABLE TO SPECIFY A SINGLE GRADE OF 
OPEN-HEARTH STRUCTURAL STEEL FOR 
BRIDGES OF ORDINARY SPANS? 


ToPpicaAL DISCUSSION. 


By Atrrep‘P. Borier, T. L. Conpron, THEODORE COOPER, 
J. E. Gretner, Joun McLeop, C. C. SCHNEIDER 
AND J. P. SNow. 


ALFRED P. BoLtiER.—The question as to the “desirability 
of adopting a single grade of open hearth steel for bridges” is 
a perennial one, and crops up naturally from the tendency to 
standardize manufactures and processes, which is characteristic 
of mechanical development. It is further fomented by the 
mills, which are more concerned with output than quality, and 
whose greatest efforts are to run continuously upon the grade of 
steel most productive of economic mill results. There is a 
natural and proper antagonism against fitful specifications, that 
some engineers deem desirable to make, if only for the purpose 
of laying down some different requirement from ordinary prac- 
tice, as if to show originality of judgment. This, undoubtedly, 
causes a great deal of unnecessary trouble and expense to the 
mills, making them most strenuous for a consensus of engineer- 
ing opinion, which will result in greater commercial ease and 
comfort. Now in this, the mills are not wholly wrong, but they 
are inclined to go too far in ignoring the engineering require- 
ments, just as engineers may be unreasonable in establishing 
finicky distinctions without material differences. While the 
engineer should not abrogate to the mill the settlement of the 
grade of steel he should use in his bridges, still he should sim- 
plify his requirements within reasonable limits so as to combine 
the maximum of efficiency with minimum cost, which cannot be 
done through ignoring mill methods. 

It is well, then, that such a body as the International Asso- 
ciation for Testing Materials should step in and gather the best 
information and experience in the matter, which will naturally 
tend to uniformity of practice, and harmonize the requirements 
of engineers with mill possibilities. 

The special topic under discussion seems to embody the 
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hopes of the mills, which can with advantage be nearly met for 
ordinary spans bridges, and can be answered in the affirmative, 
excepting as to rivets and eye bar material. There is no reason 
why plates and shapes should not be of a single grade open 
hearth for such bridges, but eye bar material, subject as it is to 
the subduing effects of forging and annealing, should be of a 
higher grade material. For large spans, which are rarely, if 
ever, committed to the care of other than expert bridge engi- 
neers, it is impracticable to set up any standard of uniformity, 
and the character and adaptation of the steel must be entirely 
in the hands of such engineers. These cases involve so many 
special considerations, that no rule can be laid down, and any 
engineer qualified to design and administer the construction of 
such works, is sufficiently well informed of mill possibilities as 
not to require impossible or impracticable results. 

It may be of interest, in this connection, to note the table 
of steel requirements adopted by my firm, and on which some 
thirty thousand tons of bridge material are now being gotten out 
for the Wabash Entrance into Pittsburg, for all types of con- 
struction; from the ordinary girder spans to the great cantilever 
constructions over the Monongahela and Ohio Rivers, where the 
limits of pin connected work are believed to have been reached. 

This table shows a practical uniformity in all material, other 
than in the rivet, eye bar and pin requirements, and is believed 
to be as reasonable a demand on the mills as the present state of 
the art permits, and yet permits of the engineer exercising such 
judgment in selecting his material as the nature of the work 
demands. 
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T. L. Conpron.—At the third annual convention of the 
American Railway Engineering and Maintenance of Way Asso- 
ciation held in Chicago this year on March 18, 19 and 20, the 
subject of specifications for rolled steel was presented in the 


‘form of a report of the Committee on Iron and Steel Structures. 


That committee, of which the writer has the honor of being a 
member, gathered statistics upon the subject of specifications 
in use, and sought the opinions of a large number of engineers 
and manufacturers. The replies received from forty corre- 
spondents showed the following opinions or preferences: 

In favor of two grades of steel, ‘soft and medium”’: 

Fourteen railroads, 7 manufacturers of steel, 9 consulting 
engineers, and 7 scientific schools. 

In favor of one grade of steel: three railroad engineers: 


One favored 55 000 to 65 000 fb. steel. 
One favored 57 000 to 66 000 ib. steel. 
One favored 58 000 to 68 oo0 fb. steel. 


Notwithstanding the apparent general opinion in favor of 
two grades of steel, it was known to the committee that a large 
number of engineers limited themselves to one grade of steel in 
their bridge specifications. It was therefore proposed to the 
general committee, by the sub-committee having the matter 
directly in hand, that a recommendation be made by the entire 
committee, of one grade of steel for bridge building, to be known 
as ‘‘structural steel,” having a range of ultimate tensile strength 
of 55 000 to 65 000 Ibs. per square inch. This proposition was 
not favorably received by all of the committee, and the objec- 
tions to such a recommendation were briefly these, as stated in 
the convention: 


“The users of medium steel do not see why they should rule out what 
they believe to be a very excellent grade of steel between 65 000 and 
70 ooo pounds, if it is to be reamed, and place the upper limit at 65 ooo 
pounds. It has been stated that the same class of service is required of 
practically all our bridges that are built, which is true; but the structures 
are built in two radically different ways by different railroad companies. 
A large percentage of the railroads entering Chicago, and our Western 
roads, are having their bridge material reamed; the reamed tonnage is 
constantly increasing and is a considerable proportion of the tonnage for 
our Western roads. On the other hand, some roads have not come to 
this reaming so generally. Of the two classes of structures one is the 
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class where the material is punched and not reamed, and the other the mr. Condron. 
class where the material is punched and reamed, and the advocates of 

the two classes of steel.are those who believe in reaming, and believe they 

can use a higher unit of strength where the material is reamed. They do 

not see why they should limit their working stresses to such a low point 

as is only permissible for work that is simply punched. This is the gist 

of the whole argument. and the reason why some of this committee have 

declined to agree on a 55 000 to 65 000 pound steel.”’ 


In the discussion of the subject, several members of the 
Association expressed the opinion that the one grade of 55 000 
to 65000 pound steel would be unsatisfactory for railroad 
bridges, as it would lower the strength of the steel unnecessarily, 
where reaming was done, and in order to obtain the general 
opinion of those present, a vote was taken which showed: 


6 in favor of one grade, 55 000 to 65 000 pounds . 

10 in favor of one grade, 60 o00 to 70 o00 pounds. 

15 in favor of two grades, one below 60 000 and one above 
60 ooo pounds. 

The majority of the engineers present refrained from 
voting at all, so that the above cannot be considered as a vote 
of the Association at large. 

On June roth last, this subject was again discussed at 
“a meeting in Chicago by the following bridge engineers: Mr. 
Parkhurst (Ill. Central), Mr. Loweth (C., M. & St. P.), Mr. 
Finley (C. & N. W.), Mr. Dawley (C. & E.1.), Mr. Cartlidge 
(C., B. & Q.), Mr. Ziesing (Am. Bridge Co.), Mr. Allen (Wis. 
Bridge Co.), and Messrs. Modjeski, Schaub, Strobel, and the 
writer, consulting engineers. The general opinion expressed 
was that one grade of steel would be more desirable for structural 
purposes than two, both for the manufacturer and user, but that 
55 000 tbs. is unnecessarily low for the lower limit. While all 
of these engineers are in favor of reaming of main sections, they 
realize that some roads are not doing so at this time, and will 
therefore wish to use softer steel than would satisfy those who 
ream. On the other hand, the steel used for buildings is nearly 
always the so-called medium steel, 60 000 to 70 000 pounds, 
which is not reamed. It is therefore likely that objection would 
be raised to reducing the strength of building steel below the 
present 60000 pound minimum. If the engineer could be 
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satisfied that the tests reported to him, fully, as well as fairly 
represented the physical properties of the steel he is using, he 
would have no objection to an extreme range of 10 ooo pounds 
in ultimate tensile strength, but he realizes this is not the case, 
and with only the few tests (frequently but one for a heat of 
30 to 4o tons) he must allow for a variation of four or five 
thousand pounds below or above the result of the tests reported. 
For this reason, he thinks he should restrict the range of tensile 
strength to eight thousand pounds instead of ten thousand 
pounds. Therefore, in the Chicago meeting above referred to, 
the general opinion was that a single grade of steel, having a 
range of tensile strength as shown by the ordinary tests, from 
58 000 to 66 000, or 57 000 to 65 ooo pounds as a second choice, 
would come the nearest to suiting all interests concerned so far 
as railroad work is concerned. 

Regarding ranges of physical properties in any one melt of 
steel and the likelihood that steel varying 4 000, 6 ooo or even 
8 ooo pounds above or below what any one test shows, attention 
is called to the results shown below in Tables A, B and C. 

Table A shows the maximum and minimuni results and the 
differences between these results from tests of plates of the same 
thickness, and from the same heat. These tests were made on 
a lot of 200 tons of basic open-hearth plates, rolled from 13 dif- 
ferent heats into five different gages. It will be seen from 
Table B, which is condensed from Table A, that in the case of 
the ultimate strength the variations in one gage and one heat, 
were from 2 500 to 8 800 pounds, or, including the exceptionally 
wild heat “‘J,”’ 12 300 tbs. per square inch. Similarly the yield 
point varied 1 700 to 12 600 tbs. per square inch, and the elonga- 
tion varied from 3 to 12%. 

In Table C, results of tests from another lot of plates are 
shown. In this lot, the variations of ultimate strength in the 
same gage and heat were from 1 300 tbs. to 8 500 tbs., and in 
yield point, 1 500 ths. to 12 200 tbs., and in elongation from 
r to 6%. 

These are not exceptional results, but are what is constantly 
observed, and if variations of 6 ooo and 8 ooo ths. in ultimate 
strength are found in the same gage and heat, it must be con- 
ceded that as great or greater variations are to be found in 
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TABLE C. (VARIATIONS FOUND IN THE SAME HEAT AND GAGE.) 
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se | R | x | MEX $6700) 5 coo | $4999) 5 ooo at ae 
gor | 8 |i ar] Mae Se ee | celgoe aS goes to saan 


differing gages of the same heat. Therefore, if only one test 
or even two tests per heat are required, it is important that such 
tests fall within narrow limits. If more tests are to be made, 
then it would be rational to expand the limits allowable for 
such tests. 

In conclusion, the writer believes that the time has come 
for the recommending of a single uniform specification for struc- 
tural steel for ordinary uses, and since our American manufac- 
turers have demonstrated that they can make a steel of an 
average tensile strength of about 62 000 tbs., he would favor 
62 000 tbs. as a basis, making the range four thousand pounds 
above or below 62 000 tbs. The recommendation of the com- 
mittee of the Maintenance of Way Association has been for a 
range of 8 ooo fbs., in which tests would be accepted, allowing 
the making of retests where the first tests are not more than 
1 000 ibs. outside of the 8 ooo fb. range. In the writer’s opinion, 
this 1 000 tbs. should be made 2 000 ths. The writer desires to 
suggest for your consideration the following range: 


56 000 to 58 ooo ibs. tensile strength ....2 retests required. 
58 000 to 66 000 ths. tensile strength ....Tests accepted. 
66 000 to 68 ooo Ibs. tensile strength ....2 retests required. 


Below 56 000 ths. or above 68 000 tbs. 
‘ensue: strength: (4.7 mast eee Rejected. 
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Of course the other properties would have to be fixed upon Mr. Condron. 
in harmony with this range and rivet and pin steel are not in- 
cluded. The former should be peculiarly soft and ductile, 
ranging between 50 000 and 58 ooo lbs., tensile strength, and 
the latter quite hard like axle steel, ranging between 75 000 to 
85 000 lbs. tensile strength. 

THEODORE CoopeR.—The evolution of the use of steel for Mr. Cooper. 
structural purposes in this country may be said to have started 
about 1870, when Mr. William Butcher convinced Captain James 
B. Eads that he could furnish him steel of 100 000 ibs. tensile 
strength, able to stand without permanent set 60 000 tbs. com- 
pression and 40 ooo tbs. tension. 

The metallurgical, mechanical and financial struggles of this 
experiment, while full of interest and instruction, were sufficient 
to discourage for some years further efforts in this line. 

The next step of which the writer had personal experience 
was the “‘Hay”’ steel experiment of the Glasgow Bridge in 1878. 
This bridge was finally built of Acid Bessemer steel. 

About 1887 Basic soft steel could be obtained on more 
favorable terms than‘iron of the same sections. From that time 
until now we have recognized two standard grades of structural 
steel. When, as was then true, they were really two different 
metals, viz: basic soft steel and acid bessemer medium steel— 
and, especially during the gradual disappearance of the metal 
iron and recognition of the new metal, the two grades were proper 
and necessary. Now practically these two grades are merely 
overlapping ranges of the same material. Under the Manu- 
facturers’ Specifications steel from 60 000 to 62 000 Ibs. is both 
“soft”? and ‘‘medium,”’ and it is natural that where the orders 
for the two classes are equally probable, the objective point will 
be for material to suit either order. 

Believing that both the interests of the steel manufacturers 
and of the steel users will be advanced by the adoption of one 
common standard, I think the time has come to advocate the 
same. But do not understand me to mean that we have yet 
got a material with which either the maker or user should or can 
be satisfied. But we can perhaps determine a common objective 
point or average material for a standard and the struggle of the 
immediate future, instead of being devoted to getting miscel- 
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laneous varieties of steel to suit individual tastes or vagaries, 
should be to improve and perfect that one standard. With one 
average material in view the steel manufacturer should be able 
to systematize his output to give far greater uniformity than he 
has heretofore. The users of steel under one standard material 
should demand an important reduction in the limits of variation 
from the standard average. Under the present limits demanded 
by the manufacturers of steel there is a difference of 10 000 ibs. 
between the minimum, which determines the strength of our 
ships, bridges and other structures and the maximum which 
measures the workability of the material. 

In spite of the manufacturers’ limit of 10 000 fbs., there has 
been no difficulty for years in getting this limit reduced to 
8 000 Ibs. 

Is it chimerical then to believe that with one class of material 
in view we can get this reduced to 6 000 tbs? If this result can 
be had, as I believe, why should we bend, form, work and punch 
steel of 70 000 tbs. to get a ship or bridge rated at 60 000 tbs? 
The difference in workability of 4 o00 tbs. is worth money, and 
the manufacturer who can give the most uniform material 
should be favored even at an advanced price. 

In advocating one standard structural material, I have in 
view all structures and not simply bridges. There is no just 
reason why the material for ships, bridges or buildings should be 
different, and there will be no gain in the character of our 
material, unless we can harmonize the requirements to suit all. 

What is the average material which would meet the views 
and* needs of shipbuilders, manufacturers of structural work, 
steel-makers and engineers, under the expectation of the future 
material being more uniform than we are now offered? I sup- 
pose it will lie somewhere between 60 000 and 66 000 ibs., many 
perhaps considering one too low and the other too high. 

Personally I should consider, under the above claims, an 
average of 65 ooo tbs. steel, or steel varying between the limits of 
62 000 and 68 ooo fhs., as the ideal material we should expect. 
The ductility and other qualities being at least equal to those 
now required of medium steel. 

J. E. Greiner.—There were a number of conservative 
engineers who made a strong fight for the retention of wrought 
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iron for structural purposes, and who kept up their struggle so 
long as iron could be obtained. Some of these engineers hada 
very unsatisfactory experience with steel structures and naturally 
preferred to adhere to a metal whose quality had been determined 
by long and continued use. 

A number of these engineers were of such standing as to give 
weight to their opinions. As a consequence the total replacing 
of rolled iron by rolled steel was a gradual process, although it 
lasted but a couple of years. 

When it became very difficult to obtain a good wrought iron, 
this conservative element permitted the use of steel for certain 
parts of bridges, such as web plates in girders and eye bars in 
trusses, and finally, even when wrought iron was no longer 
obtainable it was still called for in specifications. The con- 
tractor in such cases was given the privilege of substituting a 
very soft steel, section for section. | 

In the meantime those who had entered the field of steel 
had made a sufficient number of tests to satisfy them that open- 
hearth steel varying from 52 000 to 65 ooo pounds could stand 
more abuse than the best double rolled iron. It could be 
punched and sheared when thickness did not exceed 5-8’ with 
no greater injury. When the ultimate strength ran over about 
68 ooo pounds, punching and shearing had a tendency to injure 
the metal, but it was found that this damage could be removed 
by reaming and planing. 

These conditions then naturally suggested two grades of 
steel, namely, a soft steel to be worked same as wrought iron, 
and a medium steel in which all holes are to be reamed or drilled 
and all sheared edges planed off. 

It has been the general practice for the past six or eight 
years for bridge engineers to specify these two grades, the soft 
being used as a substitute for wrought iron, and medium for eye 
bars, or members which were to have holes reamed or drilled and 
edges planed, and to be used in structures of such magnitude 
that the saving in weight justified the more expensive shop work. 

Engineers should keep pace with the times. The so-called 
soft steels served their time after they had quieted the nerves of 
the conservatives. That time has passed, and at present there 
is no material difference in the working qualities of the soft and 
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medium steels as usually furnished and accepted. Either grade 
can be rolled from the same billet. 

Some engineers have recently advocated the adoption of a 
soft steel limit between 52 000 and 58 000 pounds, and a medium 
grade between 62 coo and 68 ooo. It was desired to have a more 
decided distinction between the two, as wellastodestroy the manu- 
facturers’ opportunity of supplying either from the same billet. 

Such a classification is even more absurd than the present 
common practice. It would bar out what is really the best 
range for structural steel. 

All things considered, an open-hearth steel ranging from 
55 000 to 65 000 is about as satisfactory as can be obtained for 
structural purposes. It will meet all of the requirements for 
soft steel and will be about as strong as is usually accepted for 
medium. Such a steel can be worked under the same conditions 
as wrought iron, will be just as safe, and unit stresses may be 
taken 20% greater. This has been the writer’s practice for the 
past two years, and is embodied in the B. & O. Railroad speci- 
fications for rgor. 

A single grade as above outlined, will sooner or later become 
standard. If not recommended by some technical association 
of high standing, it is quite possible that the manufacturers will 
realize the advantages of such a single grade, not only to them- 
selves, but to the users as well, and then we will be offered the 
choice of either accepting the standard product of their mills or 
paying a fancy price to gratify our own desires. The adoption 
of a single grade of open-hearth steel for structural. purposes 
would not bar out the production of a special grade for use in 
very large structures where the dead load is a controlling factor 
in the design. The material for such structures, however, should 
be rolled in accordance with special specifications and not with 
general or standard ones. 

Neither would the adoption of a single grade of structural 
steel affect the present soft steel output for rivets. We are not 
yet ready to use anything but a very soft steel for rivets, espe- 
cially when driven by hand. When all riveting is done by 
power, there can be no objection to using the single grade steel 
as above outlined, even for rivets. 

Joun McLeropv.—I did not prepare a paper on this subject, 
because I felt that what I would have to say would have been 
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already said by those preceding me. I have listened with interest 
to the papers already read, and I would like to point out at this 
time that the manufacturers did not start this discussion. The 
suggestion came from the engineers. The manufacturers stand 
teady to furnish a soft, medium or hard steel, just as they have 
in the past. We think, however (this on the basis of our experi- 
ence and from the benefit we have received from the experiences 
of others), that there is an intermediate grade of steel which 
will cover all requirements necessary for the average bridge 
structure, which, I think, would probably include at least 90% 
of the tonnage in steel. .The other 10% would be the larger 
structures, for which special grades of steel might be required. 
The grade suggested by Mr. Cooper, I think, is toward the high 
limit, and therefore could not be used by the engineers who are 
particular to have holes reamed and edges planed for steel above 
acertain limit. I think, however, that a steel of between 55 000 
and 65 ooo tbs. tensile strength will not require such special 
treatment,—that it will be perfectly satisfactory to punch and 
shear such material without afterward planing or reaming. 
From a manufacturer’s standpoint I would say that it would be 
of great benefit to the manufacturer to have such a specification 
adopted by the engineers, for the reason that it gives us an 
opportunity to have at our—what I would call jobbing—mills, 
the mills to which we send our blooms to be reheated and rolled 
into finished shapes and plates, a stock of material that we know 
would be of a certain quality and from which we could always 
draw; and we could thereby give better and prompter service to 
our customers and, through our customers, the bridge builders, 
we could benefit the engineers. I would therefore recommend 
not that we change our standard specifications (which I think 
we should not do, for the reason given before—that this is not 
now the American practice), but that we say to the American 
Engineering and Maintenance of Way Association that in our 
judgment there should be only one standard grade of steel for 
the average railroad bridge. I do not agree with Mr. Cooper 
that because that is a standard grade it is a cheap grade; it is, 
on the contrary, a little above an average grade; it is open- 
hearth steel, because we are now talking about railroad bridges, 
and I believe that they should be of the best steel that can be 
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made. Therefore I do not think that Mr. Cooper is correct in 
his opinion that this steel should also be used for buildings. I 
think that in a structure such as a building free from impact, a 
material of not quite as high a grade as those suggested could be 
properly used. 

C. C. ScHNEIDER.—The writer desires to depart from the 
strict wording of the question and discuss the desirability of 
using one grade of steel for all ordinary structures, including 
material for ship building. If there is any advantage to the 
manufacturer in using a single grade of steel for railroad bridges, 
the advantage would be so much greater if the manufacturer of 
structural material could confine himself to that one grade 
entirely, excepting when special steel is required for structures. 
of unusual magnitude, which occurs only once in several years. 

This question: ‘Is it desirable to specify one grade of steel 
for all structural work?’’ may be answered by asking another 
question, viz: “ Whv do we use two grades of steel?”’ 

The reason for this becomes apparent if we follow the: 
history of bridge building in the country from the time when 
steel was first used as a structural material. In the earlier days. 
steel was used only in structures of what was then considered 
unusual magnitude and only in certain members for the purpose: 
of reducing the dead load and the sizes of the heaviest pieces, as 
at that time even the largest bridge shops were not fitted up for 
handling heavy work. To accomplish this, and also for reasons. 
of economy, as steel was much more expensive than wrought iron 
and could be produced with a high ultimate strength without. 
increasing the cost, a material of high ultimate strength and high 
elastic limit was specified and the working strains increased in 
proportion. 

As engineers gained more knowledge of the properties of 
steel, it was recognized that this very high steel was not a safe 
material for railroad bridges, as it was not well adapted to resist 
impact. Engineers then commenced to specify more ductility 
and lower ultimate strength, and continued to lower their require-: 
ments for ultimate strength as the price of steel decreased until 
the usual practice had come down from over 100 000 ibs. to: 
about 62 to 70 coo tbs., or what is now classed as medium steel. 
Table I gives the ultimate strengths specified for some of the 
more important bridges made of steel. 


— 
= 
_ 


awe ee 


Discussion ON SINGLE GRADE OF STRUCTURAL STEEL. 63 


TABLE TI. 
Year Poa ay Sr 
. It. Strength Min. 
of Com- River. | Description. in Pounds Elong. 
pletion. | per Sq. In. % 
EOeqm Mississippi = | eArchesy Sty LOUIS cin. fees ee ogee ciee 5 100 000 min. 18 
1880 | Missouri ....| Platismowsneb ridges syoccns <sciccocetl 80000 “ 12 
1882 | Missouri ....| Bismarck .............4.. thee ee eee 1g 
. . a I 
1882 | East River...| Brooklyn Bridge, excl. wire............ 70000 “ 
1883 | Niagara ..... | CEStIEN Gio Sop S.cucob draco ObeGnGeos 80000 ‘ ns 
1884 | Susquehanna.| B.& O.R.R. ..........05: soate: | 80 000 < TS 
ension | 70000 © 18 
TS8s .jehekansas’>...| Van Buren Br .....¢a%.<<.. pone SOE TS 
ension | TOCCOP es 3 18 
ESR OI: c)aasactac | K’y.& Ind. Cantilever....... ea | a aoe ee 3 
| 
1886 | Harlem...... | Washington Arch, New York ......... 62-70 000 18 
1887 | Missouri .... Sibley Bridge, At.& S.Fe .. {ree 75 -85,000 18 
| Tension 60-70 000 | 23 
1888 | INS SS Orie OTA Artes pecrene i aisecs e elinnceiare Soa ae ae ery 3 
ry 
1888 / Misciscin nicest uC aitorDcidoer.. pasion. sieiasiginin s emicnare 67-75 000 20 
1888 | Ohio ........ C.&0.R'y, Cin’ti& Coving’n [romp |. Pa fe ccc | 29-27 
1890 /Firth of Forth.) Cantilever, Scotland ....... {Fomp Beer (be 
| | Seal ere 
| - : ‘ =72 10-17 
1890 | Colorado ... “| Red Rock Cantilever ..5.... | Tension, | 58.566 500 Beate 
1890 | Mississippi ..| Merchants’ Bridge, St.Louis .......... | 67-75 000 20 
Otel OHIO: <0. sects | Cantilever H’y, Cincinnati ............| 62-70 000 | 22 
1892 Mississippi ... Memphis Cantilever ... ia aoe ae ae 
1893 | Mississippi . a Bellefontaine: sat. meme scn's fohgengdcc 62-70 000 22 
805 | Delawaret...| P. R.R., Phila........- Viena one eae 36 
E807. | Niagara ..... Double, Deck Bridee fo504 Salegiechlale sews | 60-68 000 | 20 
1808 | Niavara ..... hes tawrasr GAs. cies otis covistepacel ate w 0 62 60-68 000 20 


The extensive use of steel as a structural material did not 
commence until the year 1890. Before that time steel was used 
only in isolated cases or for heavier work such as chords and 
eyebars for larger bridges. About 1890 some railroads com- 
menced to build even smaller spans and plate girders of steel, 
and for eyebars steel was almost exclusively used. At about 
that time most of the structural mills that had formerly manu- 
factured wrought iron had equipped themselves with steel fur- 
naces, but continued for some time to make both kinds of 
material, until they found it more profitable to confine them- 
selves to the manufacture of structural steel only and discon- 
tinued the manufacture of wrought iron. In 1894 it was 
practically impossible to obtain wrought iron shapes, and those 
engineers who would have preferred wrought iron were obliged 
to use steel instead, and naturally specified a grade of steel as 
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near wrought iron as possible, using also the same unit strains 
and workmanship as for wrought iron. 

This accounts for the two grades of steel being at present 
in use—medium steel by the advocates of steel, soft steel by the 
advocates of wrought iron. As steel has now been extensively 
used for structural work for a long time—medium steel for at 
least twenty years and soft steel for at least ten years—we 
certainly have passed the experimental stage, and should be in a 
position to decide for one grade of steel for ordinary structural 
work. This will be of advantage to the producer and consumer. 
The manufacturer of steel will be able to conduct his business in 
a more systematic and rational manner than he can do at the 
present time. If he uses the same quality of stock he will be 
able to use the same mixture and obtain uniform results satis- 
factory to the specifications. The manufacturer of bridges and 
structural work will be able to keep the usual sizes of shapes and 
plates in stock, more particularly those of which there are only 
a few sizes rolled-and which are very hard to obtain on short 
notice because the quantities used for each structure are small, 
such as fillers, stiffening angles, tie plates, lattice bars, connection 
angles, etc. This would therefore facilitate deliveries. The 
consumer will naturally also be benefited by the greater uni- 
formity of the material which will result from only one grade of 
steel being manufactured. 

There is still another reason why this Society should take 
a decided stand in favor of one grade of steel, and that is, 
that all other countries which have adopted standard specifi- 
cations use only one grade of steel for structural work, and as 
the object of this Society is to establish a uniform practice 
all over the world, we cannot expect other countries to adopt 
our practice unless we have something practical and reasonable 
to offer which appeals alike to the manufacturer as well as the 
engineer. Crank specifications will certainly meet the opposition 
of the manufacturers abroad. Now admitting that it is desirable 
to use one grade of steel only, the question arises, What is the 
proper grade of steel for structural work? In deciding this 
question, we should consider the process of manufacture in its 
present state and the probabilities of the future. At present 
most of the structural steel is made by the basic process and 
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appearances indicate that the basic process will also be the Mr. Schneider 
process of the future for ordinary structural steel. It would 

therefore seem expedient to adopt a grade best suited to the 

basic process. For special higher grades of steel the acid process 

will probably hold its own. 

The most satisfactory material which can be produced by 
the basic process averages about 58 to 60000 tbs.; the writer 
would therefore recommend an ultimate strength of 60 000 tbs. 
per square inch, varying 5 000 ibs. either way. This grade of 
steel, in the writer’s opinion, may be used without planing or 
reaming up to a thickness of about 5-8’’ without impairing 
its strength. Table II gives the grades of steel used for 
bridges and structural work in some of the countries which 
have adopted standard specifications. After having agreed on 
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SPECIFICATIONS FOR BRIDGES AND BUILDINGS. 


| Ult. Strength Min, 
Authority. | Kind of Material. in Pounds Elong. 
| per Sq. Inch. % 
French Ministry of Public} ce. and Barsatleast .... 60 000 22 
Works, August, 1891...... } URavetsratileast 203 ci-s1s121- 54 000 28 
Austrian Ministry of Com-| ( Plates and Bars, lengthwise .. 50-64 000 28-22 
PHET COL SO 2 crcl jsvalelsiieie eters 4 Transverse COs oe OelomadS CxS 50-64 000 26-20 
WAGEMEV OCS Eda eachalctcar erat enceenrs 59-57 000 32-26 
Bars and Plates (of 1-4 to 1-1-8 
Standard Specifications ot Ger-) in. thickness,) lengthwise . . 53-63 000 20 
man Societies, 1892 ....... Mubransverse: 2c Nsletetacielsiserese 51-64 000 17 
Rivets and Screws. ....5..«< 51-60 000 22 
| Bars and Short Plates ....... 51-64 000 25-20 
Federal Council of Switzer-|'} Long Plates, lengthwise...... 51-64 000 25-20 
Repay cla Sho he clotes/<)'a1 <) «sslollet arses | Long Plates, transverse...... 51-64 000 22-18 
(Rivets and Screws .......... 51-60 000 28-24 


the proper grade of structural steel, the next question to decide 
is the quality. The quality is determined by the elongation, 
the bending test and the appearance of the fracture. As far as 
the elongation is concerned, we notice in the Specifications 
adopted by the Federal Council of Switzerland, and by the 
Austrian Government, that the specified elongation varies with 
the ultimate strength. The Swiss Specifications limit the prod- 
uct of the ultimate strength multiplied by the percentage of 
elongation in 8’ to not less than 1 280000, and call this the 
coefficient of quality. The writer prepared Specifications for 
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Railroad Bridges in 1886, which were published in 1887 as the 
Specifications of the Pencoyd Iron Works, wherein the quality 
of steel was specified as follows: 

“Steel having an ultimate strength of 56 000 to 80000 
tbs. per square inch, when tested in samples of at least one-half 
square inch section cut from the finished product, will be 
accepted for the different parts of structures, provided it shows 
the following qualities: 

“The elastic limit shall be at least 0.6 of the ultimate 
strength. 

“The product of the ultimate strength per square inch in 
pounds multiplied by the percentage of elongation in 8” shall be 
at least 1.500 000.” 

This value was found by examining a great number of tests, 
of which only those were selected which proved, by the elastic 
limit, the elongation, the bending tests and the fracture, the 
good quality of the steel. A similar coefficient was also incor- 
porated in the Bridge Builders’ Specifications published about 
the same time. 

As this appears to be a consistent and reasonable method to 
establish the quality of the material by varying the elongation 
with the ultimate strength, the writer begs leave to submit this 
question to this Society for consideration and discussion, and 
also the question whether the measuring of the elastic limit or 
yield point is of any practical value in establishing the quality 
of the steel. 

J. P.Snow.—As a buyer of bridges, I am in favor of a single 
grade of steel for ordinary structures; and I believe that from 
the point of view of the buyer, the builder, and the manufacturer 
of the steel, a single grade is desirable. It is not necessary, 
perhaps, to go into details as to the reasons why, because they 
have been so well brought out by others. 

Although I am in favor of a single grade of steel, I would 
not be in favor of a single grade if it were of a high character. 
I would not be in favor of a grade as high as is recommended in 
Mr. Boller’s paper. I prefer a steel having an average of 57 000 
tbs. ultimate with a range of 4 000 ths. each way; but for the 
sake of union I would not object to the grade that has been 
mentioned by two of the speakers here, that is, with an average 
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of 60 000 tbs. and a range of 5 000 ths. each way. I am willing 
to admit this rather large range because I believe that if a single 
grade be generally adopted, it will be very easy in the future to 
reduce the range. As the mills become accustomed to turn- 
ing out one grade the melters and other workmen in the mill 
will become expert in the manufacture of this grade and the 
product will be more uniform and all the melts will hit the 
average of the range much more closely than is now the case 
when the workmen are called upon to produce material all the 
way from extra soft to quite hard. I think there will be no 
trouble in the future in bringing the range down to 6 000 ths., 
as suggested by Mr. Cooper. 

I object to what is called medium steel—steel of 68 000 or 
70 000 ths. ultimate—for several reasons. Reaming and planing 
do not remove all the injuries which such steel receives in 
going through the ordinary bridge shop. It is absolutely neces- 
sary to straighten quite wide plates edgewise, say plates 24 or 30 
tnches wide and 3-8 inch thick. When such plates are straight- 
ened in a gag press, as is done in a good many shops, it takes 
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heavy pressure to make them straight, and they must receive a - 


very severe strain. I think that the point of the metal where 
the gag of the press acts must be in much the same condition 
as the side of a hole that has been punched, and of course reaming 
and planing do not remove this trouble. There are other con- 
siderations also; for instance, reaming is quite likely to take out 
only one side of the hole, material is likely to be partially heated 
and quickly and irregularly cooled, and so forth, so that reaming 
and planing which is generally specified in connection with 
medium steel does not, as is generally supposed, fully cure the 
ill effects of rough shop work. 

The principal reason why I object to high steel is that I do 
not see any advantage in it. I can see that a rail, a splice-bar 
or axle is benefited by having rather high carbon, because they 
are subjected to very different action in service from what a 
bridge is. They are also treated differently in their manufacture: 
they are not punched or sheared, and they are not very seriously 
bent, although straightening a rail is a rather severe process; but 
the section of a rail is much better adapted for straightening cold 
than a thin, wide plate. Rails, splice-bars and axles are sub- 
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jected to much more severe impact and greater reversal of 
stress than the members of a bridge, and hence should be made 
of material of higher elastic limit. Two considerations allow us 
to use higher steel in them than in bridges. First: their one 
method of failure is by breaking; deflection and vibration, which 
are so fatal to the reputation of a bridge, are factors of small 
importance with them. Second: their form is regular, without 
sudden variations in section, while the sections of bridge members 
must change abruptly where connections occur. Both of these 
considerations allow high unit strains in rails, splice-bars and 
axles, but not in bridges. 

The reason,in my opinion,why a bridge made of 68 o00-pound 
steel is not as good as one made of 58 oo0-pound steel is because 
it will of course be designed for higher unit stresses and conse- 
quently with lighter sections; and it will be a lighter bridge and 
will deflect and vibrate more under stress than a soft steel 
bridge will. The coefficient of elasticity is practically the same 
for soft and high steel, and that is what governs the deflection 
and vibration, and not the elastic limit or ultimate strength of 
the material. I believe that a bridge which acts light under 
traffic, which shows great deflection and vibration, will be con- 
demned and taken out when the unit stresses under the loading 
become a certain fixed maximum which every bridge engineer 
has in his mind, although he does not always publish it. I 
believe such a bridge will be taken out whether it be made of 
soft steel or medium steel, or whether the holes be punched, 
reamed or drilled. I do not think that these factors make any 
difference whatever; the bridge will be condemned without ref- 
erence to them. The fact is, a bridge is not loaded up to its 
ultimate strength; hence I think the ultimate strength of the 
material has nothing to do with the value of a bridge. Bridges 
very seldom break down on account of weak material. It takes 
a very poor bridge indeed to fail under its load. Still, great 
numbers of bridges are being constantly removed and replaced. 
The criterion for the condemnation of most bridges is their un- 
satisfactory action under traffic, which has but very little to do 
with the ultimate strength of the material of which they are 
constructed. 

For these reasons, and for others which I shall not go into, 
I am in favor of what is called soft steel. 


anes SS 


GENERAL DISCUSSION. 


W. R. WessTER.—There is one point to which | wish to 
refer. The subject has been treated as though it were just as 
easy to make a uniform basic open-hearth steel of 68 000 or 
69 000 pounds ultimate strength as it is to make a 60000 
pounds grade. Now I would like to ask some of the manu- 
facturers to give us their views as to what they consider the 
highest limit for such steel, to ensure as good uniformity as 
in the case of the lower grade. 

Joun McLeopv.—We consider the limits usually specified 
for soft and medium steel as within the limits of basic steel. We 
have always felt that we could make the steel uniform within 
those limits, and I think we have done so. We would prefer to 
make steel between the limits of 55 000 to 65 000; and that is 
what we are really doing. Most manufacturers make basic steel 
of about .10% carbon. It will test somewhere between 58 000 
and 68 o00 pounds; sometimes as high as 70 ooo when the phos- 
phorus is a little over .10%. 

J. E. GrEINER.—A statement was made by Mr. Condron, 
which is apparently in conflict with that just made by Mr. 
McLeod. Mr. Condron stated that from a canvass of steel 
manufacturers it appeared that they were all in favor of two 
grades of steel. Mr. McLeod says, if I understand him correctly, 
that the manufacturers would favor one grade of steel. That 
agrees with the results of my own canvass of manufacturers five 
or six years ago. They were all in favor of one grade of steel, 
if it could be adopted. 

Mr. Conpron.—With regard to the canvass of this subject 
that was made by the committee of the American Railway En- 
gineering and Maintenance of Way Association, it may be well 
to state that a large number of letters were addressed to mem- 
bers of that Association particularly interested in bridge work, 
and to a number of American members of the International 
Association for Testing Materials. About forty replies were 
received to something over one hundred letters that were 
sent out, and these replies were from seventeen chief engineers 
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or engineers of bridges of railroads; seven representatives of 
steel manufacturers; nine consulting engineers, and seven 
professors of technical schools. The replies from the steel 
manufacturers came from Mr. Albert Ladd Colby, of Bethlehem; 
Mr. Geo. E. Thackray, of Cambria; Mr. J. W. Anderson, of 
Carbon; Mr. A. Monell, of Carnegie; Mr. F. E. Abbott, of 
Illinois; Mr. James Christie, of Pencoyd, and Mr. H. H. Camp- 
bell, of Pennsylvania. The circular letter at first sent requested 
an expression of preference for ranges of ultimate strength and 


' limits for other physical properties for soft, medium and rivet 


Mr. Campbell. 


steel. As five of the railroad engineers replying to the letter 
suggested the use of a single grade of structural steel, rather 
than the use of soft and medium steel, a second circular letter 
was sent to those representatives of the manufacturers who had 
responded to the first letter, asking more specifically for their 
opinion of the advisability of recommending one grade of struc- 
tural steel for bridge work. These gentlemen all replied to the 
second letter, stating that in their opinion, there was much to 
be said in favor of the use of one intermediate grade of steel, in 
the place of the so-called soft and medium grade, while in their 
answer to the first letter, they had naturally enough, all expressed 
preference for the ranges adopted for soft and medium steel by 
the Association of American Steel Manufacturers. If the circular 
letters that the committee sent out did not reach every member 
that was especially interested in the subject, it was certainly not 
intentional, as it was the desire of the committee to get as full 
expressions as possible from those who could assist in the solution 
of the specification problem. 

Mr. CAMPBELL.—I am sorry that we cannot get up any very 
animated discussion on this; there does not seem to be any 
chance for it, but I think it needs an explanation. When the 
manufacturers are asked whether they want one or two grades, 
if they simply consulted their own business they would say one, 
but we do not want to take any such stand as that. When we 
are asked by an engineering body whether we recommend one 
or two, we must take into account the wants of our customers. 
We must speak as engineers; as men who are interested in the 
general public more or less, and in the engineering profession, 
and in the wants of our customers. We must take all those 
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grounds in our answer. If you ask us which we would rather 
make—one, two or five grades—we would say we would rather 
make one grade. As to whether the range should be 55 000 to 
65 000 or 58 000 to 68 ooo, no man can answer that; no manu- 
facturer has got it down quite as fine as that, and I don’t think 
any engineer has, although he may say which he would prefer. 
If you want to agree on any one grade with any reasonable 
limits you would get the vote of every manufacturer. Taking 
all these things into consideration, I think that 55 000 to 65 000 
would be the best limit. It is quite sure that in basic steel the 
higher you go, the more trouble you will have in getting uni- 
formity. That is simply a mathematical proposition. It takes 
a certain amount of carbon to give you every additional increase 
in strength, and the more carbon you have, the more chance 
there is of lack of uniformity. When you get down to the 
narrow limit of 8 ooo pounds you can pick out your tests and 
get it, but there will be great differences in the tensile strength 
of different thicknesses, sizes and shapes. If anyone thinks that 
he can get the same test out of a plate one inch thick that he 
will get out of a 3 x 3 x 3-8 angle, he doesn’t know the fundamental 
principles. 

Grorce E. THackray.—Regarding the question of one 
grade of open-hearth steel for railway bridges, it is undoubtedly 
true from a manufacturer’s standpoint pure and simple, that it 
would be a much easier matter for them to make only the one 
quality; but on the other hand we are confronted by the differ- 
ences of opinion of the customers. As an instance of this, please 
note the figures just given by Mr. Condron in which he explains 
that, in the first vote of forty people on this question, only three 
advocated the use of one grade, while the other thirty-seven 
thought that two grades should be maintained. If we take into 
consideration the differences of opinion of the numerous users 
and the variations in the method of manufacture and application, 
it is a question if the specifications should be changed to pre- 
scribe one grade only. 

The specifications as they now stand, including both soft 
and medium steel, are such that you can, if so disposed, select 
from them the grade wanted for the purpose intended, and by 
having this choice, the consumers are in a better position, as the 
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differences of opinion which naturally exist among them are 
thus eliminated. 

In regard to the remarks made by one of the speakers that 
the life of a bridge is determined by its vibration, it is known 
that steel of higher tensile strength will last longer and have 
greater endurance under reversals of stress, and this point has 
been particularly well demonstrated in the case of car axles in 
which it is found that the higher tensile strength material will 
endure much longer than the softer grades. If, however, it is 
merely a question of deflection within the elastic limit, that is 
referred to, the grade of steel is immaterial in this connection, 
for the reason that soft steel and hard steel have substantially 
the same modulus of elasticity and would deflect practically the 
same amount under equivalent conditions. 

If again the question relates to the failure of bridge details, 
by reason of vibration, this depends largely upon the design, 
irrespective of the quality of the steel. 

T. L. Conpron.—I believe it would be of interest to know 
what the manufacturers consider a safe upper limit for ultimate 
strength for structural steel that has to undergo the ordinary 
abuses in shop work and erection of bridges, and I would there- 
fore suggest that the Chair invite the manufacturers present to 
give expressions of their opinions on this subject, especially with 
regard to basic open-hearth steel that is to be used either with 
or without reaming. I am an advocate of reaming of bridge 
material, and in my own practice, specify the reaming of all 
important members of a bridge. I do it, not simply to insure 
the removing of material injured by punching, but my observa- 
tions in shops have satisfied me that reamed work is very much 
more satisfactory in every way. In my own specifications I 
have required that material should be punched with punches 
3-16 of an inch smaller than the nominal size of the rivets used, 
and reamed to 1-16 of an inch larger diameter than the rivets to 
be used. This means increasing the diameter of the punched 
holes 3-16 of an inch on the die side, and 14 of an inch on the 
punch side, under usual conditions in punching. As most of 
this reaming is done with the parts of the structure put together, 
it avoids the necessity of excessive drifting, and therefore permits 
the work being assembled without serious internal stresses being 
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set up. Such reaming as I refer to is a common practice in our 
western shops, and is generally specified by the engineers of 
our western roads. 

James Curistie.—I think that is a question that cannot be 
definitely answered; but nevertheless in a broad, general way it 
is known that the higher the carbon is, the higher the tensile 
strength is, and the greater the liability of injury by disturbances 
a little more than superficial. 

I heartily favor the suggestion of a uniform grade of steel 
for general structural purposes, and I think this should be 
material of from 55 000 to 65 o00 pounds tensile strength, for the 
following reasons: 

Basic open-hearth steel is rapidly superseding the acid 
process metal. The natural and usual product of the basic 
open-hearth furnace, working under its most favorable condi- 
tions, is steel of this tensile strength, with a tendency toward tke 
lower limit. Steel of a higher tensile strength requires special 
treatment in the basic furnace, where the metal is usually refined 
in the presence of a highly basic slag, charged with oxides of iron. 
This metal finishes smoother and more readily than the harder 
grades. Furthermore, it is pretty well established now that for 
ordinary purposes little, if any advantage is gained by using the 
harder steel, inasmuch as the coefficient of elasticity of all grades 
is practically uniform. Higher working unit stresses are not 
generally desirable for the high as compared with the low tensile 
strength material. 

J. P. Snow.—We are told on high authority that as engi- 
neers we must not interfere with the method of making steel, 
because it is out of our province. By the same token manu- 
facturers should not trouble themselves too much as to why 
bridges are condemned. They should take the engineer’s word 
as to what makes a poor bridge. Certain replies have been 
spoken of—replies from manufacturers as to the proper grade of 
steel—and I well remember that one of them said that of course 
a bridge one part of which is made of 60 ooo-pound steel and 
another part of 70 ooo-pound steel is no better than a bridge 
made wholly of 60 ooo-pound steel, because the factor of safety, 
etc., is dependent on the lowest steel in the bridge. 

Now the value of a bridge depends on its action under 
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traffic. It doesn’t make any difference whether it has an ulti- 
mate strength of 15 000 pounds to the inch more than a certain 
other bridge; we never get up to the ultimate strength; we keep 
far below the elastic limit, down to one-third of the ultimate 
strength; and the reason why bridges are condemned—and I do 
wish that the manufacturers would take the bridge engineer’s 
word for it—is their unsatisfactory action under traffic. It is 
not dependent at all upon the ultimate strength of the material. 

One other point of Mr. Campbell’s I want to comment on: 
He admits that basic open-hearth steel with too much carbon is 
irregular. Now why cannot he tell us the carbon limit within 
which it is perfectly safe? 

Mr. CaMpBELL.—--It is a mathematical proposition that the 
more carbon you have in steel, the more irregularly that carbon 
will be distributed. I think that isa known fact. We can make a 
steel with .o25% carbon and we can make a steel with 1.00% 
carbon, and as a general law the chance of irregularity will 
increase with the carbon content. But to say where it is safe, 
requires a definition of the word ‘‘safety.’’ I profess perfect 
ignorance as to what is meant by that word ‘‘safe,”’ and perfect 
ignorance as to where that limit is. 

Mr. WeEBsTER.—I would like to ask Mr. Campbell whether 
acid open-hearth steel of 70 ooo pounds tensile strength would 
not be more uniform than basic open-hearth steel of 70 000 
pounds specified strength. 

Mr. CAMPBELL.—I speak my personal opinion alone, and 
answer “‘yes.”’ 

Tue PRESIDENT.—Does anyone wish to add to this dis- 
cussion? 

Mr. CAMPBELL.—I move that this question be referred to 
the American Branch of Committee No. 1, and that it is the 
sense of this meeting that a single grade of structural steel 
should be adopted. [Motion carried.] 


RAIL TEMPERATURES. 


By Srmon Strock Martin. 


Ideas as to the actual temperature existing in a rail after 
leaving the finishing or final pass differ widely, and these ideas 
expressed in actual figures run from 750°C. to 1 100° C., according 
to the particular method used to determine the temperature. 

The methods so far as known to me, are by the use of: 
{1) the pyrometric telescope; (2) the Le Chatelier pyrometer; 
(3) the water calorimeter. 

First. The pyrometric telescope depends on the eye of the 
operator for results; hence it is influenced by the mind to such 
an extent, that different operators observing the same bar get 
very different results. 

Recently one of the leading inspection bureaus of this 
country sent a representative to the Maryland Steel Company’s 
mills to take readings on bars or rails after the final pass, and 
during four hours’ observation the variation was only 8° C., 
showing either excellent work on the part of the Maryland Steel 
Company, or error on the part of the observer. Of the two 
alternatives, I prefer to accept the latter as the correct one. At 
any rate, this method gives only exterior temperatures. 

Second. The Le Chatelier pyrometer, recognized by technical 
men as the only truly scientific pyrometer, has been applied to 
determining rail temperatures by placing the couple on a piece 
of the rail (cut just after leaving the final pass) near the centre 
of head, which is likely to give irregular results, on account of 
the unequal distribution of heat through the head of the rail. 
In order that the galvanometer may respond quickly, the 
couple is kept near the temperature of the rail, thus giving the 
needle only a short range. This method gives unreliable results 
on account of the application of the couple to different points. 

Third. The water calorimeter.—This method consists in using 
the barrel calorimeter and noting the following data: (1) weight 
of water in calorimeter, (2) temperature of water before immer- 
sion, (3) temperature of water after immersion, (4) weight of 
rail end. Now instead of using the usual formula for lower 
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temperatures, and not knowing the specific heat for steel at 
high temperatures, we use the formulas given in Annales de 
Chimie et de Physique, Series 6, Vol. II, page 72 (1887). 

The formulas for specific heat of pure iron are: 


Fer 723° to 1 ooo” C., 

Q (given out to 0°) =.218 t—39. 
and for 1 000° C. to 1 158° C., 

Q (given out to 0°) = .1989 t—23.44. 


Example: Crop weighs 22.5 lbs. and heats 104.5 lbs. of water from 
19° C. to 49.5°, then, 
Total heat given out = 104.5 X 30.5 —= 3187.2 Cal. 
Total heat given out per lb. of steel = 3187.2 + 22.5 = 141.6 
Cal. 
Specific heat of steel at about 60° C. = .118. 
One Ib. of steel, in falling from 49.5° C. to o° C., gives out, 
AGES  Xanhd O——EseouCalls 
Q (given out to 0°) = 141.6+5.8 = 147.4 Cal, 
Whence 147.4 = 0.218 t — 39, or t = 855°. 


Corrections must be made for heat lost to calorimeter during 
the time the temperature is rising, both by the water value of 
the calorimeter and the heat radiated. It is to be noted also 
that the formula is for pure iron, or iron free from carbon, so 
that it is necessary when the steel contains more than .25 C. 
to make allowance for same. Thus, for steel containing .50 C., 
its weight should be multiplied by 100.5. 

This method gives excellent results, and to check their 
accuracy I used the following method: A Le Chatelier pyrometer 
was used for measuring the heat in a small furnace in which a 
railend was heated. When the desired temperature was reached 
the rail end was taken out and placed in a calorimeter, and thus 
the two methods were found to check within 20° C., in a number 
of trials. 

I find that a shrinkage of 534’ to 614”” corresponds to a 
temperature of between 780° C. and 860° C. I consider this a 
very accurate method for determining temperatures, and one 
easily applicable to mill practice. From the known accuracy 
of the Le Chatelier pyrometer, it seems that the last results 
are correct, and that all the heat of the rail has been measured, 
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and hence it shows us how far we are above the critical point 
in our present rolling. 

Professor Sauveur’s three micro-photographs showing .50 C. 
steel forged at known temperatures of 600° C., 850° C., and 
t 100° C., give an excellent opportunity of determining by the 
microscope the temperature at which the rail left the final pass, 
and seem to me to be superior to any shrinkage, or other 
method that can be introduced for determining the final rolling 
temperature. 

Direct rolling temperatures as compared with reheating tem- 
peratures: Mills rolling direct (of which there are a few in this 
country, and which are, I think, universal abroad) have advan- 


_ tages over reheating mills, and at the same time temperatures 


may be kept within a smaller range, because the ingots, if 
properly handled, in an up-to-date plant, are more uniformly 
heated than blooms. 

When I speak of heating ingots which have been charged 
hot, I simply mean allowing them to “equalize’’ in the furnace, 
which might be properly called an ‘‘equalizing furnace.”’ 

It is known that mills built to roll direct are of heavier 
construction, with heavier rolls that will stand the harder work 
of colder rolling, and as the tonnage increases and the steel is 
forced through the mill faster—a condition arising in every 
mill—the proper procedure is to try to keep the product of a 
uniform structure, which can often be done. I know of one case 
in particular where the tonnage increased from 900 tons per 
24 hours to 1 750 tons, and the structure was kept the same. 

The structure of the material is better in direct rolling, 
because the bloom goes through the whole of the rail-rolls at a 
lower temperature, while in a reheating mill where the bloom 
has had a ‘‘wash heat”’ and is rolled at a high temperature to 
the final pass, and then held sufficiently to get the desired 
shrinkage, the result is a ‘‘case-hardened”’ rail, with a fine skin 
and a very granular interior which certainly is rolled at or under 
the critical point. This gives rise to stresses which, under impact, 
may produce fracture or failure, as shown by the micro-photo- 
graphs of a certain rail in which the side of the head left the 
projected web, on account of the weak cleavage caused by the. 
big faces of the crystals. This was on 85-pound, American 
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Society section rail which had been in the track three months. 
In rolling, this rail was held before the final pass so as to get 
the required shrinkage. It shows the importance of a homo- 
geneous structure throughout the head of a rail. 

I believe that it is important to reach as nearly as possible 
the critical point by continuous working from the ingot through 
the final pass. 

Micro-photographs show that a reheated bar rolled very hot 
to the final pass and then held for a certain shrinkage has a 
more granular structure than a direct-rolled bar. Jam of the 
opinion that rails can be rolled at the same temperature, no 
‘matter what their weight per yard may be, and that their 
structure will thus be the same. 

It may be said further that in comparing a number of drop 
tests of rails rolled direct and others reheated and held before the 
final pass that the latter showed considerably more deflection. 
The Pennsylvania Railroad raised the specified maximum deflec- 
tion last year to 234’, so that heats might not be rejected that 
showed such tendencies the year before. Evidently there must 
be some reason for this difference in deflection, and as both rails 
had the same chemical composition, it would seem that the 
direct-rolled rail has a higher elastic limit. This condition 
will probably be explained by Professor Sauveur’s description 
of the result obtained by holding before the final pass. 

Summing up, it would seem that shrinkage is certainly not 
an index of structure, and the only way to determine structure 
is through the microscopic examination of the product of indi- 
vidual mills. | Some typical micro-photographs are appended. 


“Structure and Finishing Temperature of Steel Rails,” by Albert 
Sauveur, follows on pp. 85-96. 
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Fic, 1, Fic, 2. 

From center of head of roo-Ib. rail rolled direct at low From center of head of 100-lb. rail rolled direct, but ata 
temperature throughout the rail rolls. Shrinkage: 7in.in higher temperature than Fig. 1, and held before finishing 
33 feet, Magnified 45 diam. ass until cold enough to give 6% in, shrinkage in 33 feet. 

gt tructure larger than in Fig, 1, Magnified 45 diam. 


Fic. 3. Fic. 4, 
From center of head of 1o0o0-lb. rail rolled by usual pro- From center of head of roo-lb. rail rolled by Morrison- 
cess from reheated bloom. Shrinkage: 734 in. in 33 feet. Kennedy process from reheated bloom, held_ before fin- 
Magnified 45 diam. ishing pass, Shrinkage, 6 in, in 33 feet. Magnified 45 diam. 
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STRUCTURE AND FINISHING TEMPERATURE OF 
STEEL RAILS. 


By ALBERT SAUVEUR. 


It is well known that when a piece of steel is allowed to cool 
undisturbedly from a high temperature, it crystallizes, and that 
the resulting crystals or grains, as they are frequently called, are 
the larger, the higher the initial temperature and the slower the 
cooling. This was first forcibly stated by Professor Tschernoff in 
his masterly paper on “‘The Manufacture of Steel and the Mode 
of working it,’’ communicated to the Russian Technical Society 
in April and May, 1868. 

It is also well known that if the steel be vigorously worked 
(rolled or forged) while it is cooling from a high temperature, 
crystallization is prevented, but as soon as work ceases, crystal- 
lization sets in until a certain temperature is reached which in 
the majority of cases is not far from 700° C., and below which 
there is no further growth of crystals. If work be performed 
below that critical temperature the crystals are permanently 
distorted, being flattened and elongated in the direction of the 
rolling and this distortion of the crystals is greater the lower the 
temperature at which the work is carried on. Such distortion 
causes a decrease of ductility, and eventually, brittleness, a 
striking illustration of which is found in the drawing of wire, 
which must be frequently annealed to remove the brittleness 
produced by work at a low temperature. The annealing 
removes the distortion of the crystals and, therefore, the result- 
ing brittleness by causing the metal to assume a new and finer 
crystallization. 

We may, for convenience, call the range of temperature 
during which steel crystallizes, and which extends from the 
melting point to the critical temperature (about 700° C. in the 
case of carbon steel), the crystallizing range, and the work per- 
formed at these temperatures hot work, while the work done 
below these temperatures will be called cold work. 

Hot work influences the final structure by preventing or 
retarding crystallization, while cold work distorts the crystals. 
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It follows from the above considerations that in working 
steel, as is done in the manufacture of so many implements, 
from a high to a much lower temperature, crystallization is 
retarded, 7. ¢., is made up to cover a much shorter range of 
temperature, extending from the finishing temperature (1. e., the 
temperature at which work ceases) to the critical temperature. 
The resulting structure will, therefore, be finer grained, 7. e., 
will be made up of smaller crystals, than if the metal had been 
allowed to cool undisturbedly from a high temperature: the 
crystals will be the smaller the lower the finishing temperature. 
Should work be continued below the critical temperature the 
crystals will be distorted, which implies a loss of ductility. 

It has been conclusively shown that the finer the structure, 
1. @., the smaller the crystals, the more ductile will be the steel, 
and since ductility is always a very desirable property, whatever 
the intended use of the finished implement, we should so conduct 
our treatment of the metal as to confer upon it the finest possible 
structure. The importance of finishing steel implements at the 
proper temperature, therefore, need not be insisted upon. It is 
now appreciated by all enlightened metallurgists. 

The manufacturers of steel rails have, more than any other 
producers of finished steel articles, given careful attention to the 
important influence of the finishing temperature upon the struc- 
ture and the physical properties of their rails. In these days 
when the tendency is to allow more and more carbon in rail steel, 
in order to lengthen the life of the rail, the importance of securing 
all the ductility possible from the heat treatment stands pre- 
eminently at the front. 

The importance of low finishing temperatures was clearly 
brought out some ten years ago at the South Chicago works of 
the Illinois Steel Company, through some extensive tests con- 
ducted by the writer, the results of which were summed up in a 
paper presented at the Engineering Congress in 1893. In spite 
of the conclusiveness of these tests, however, the management 
could not be made to take up any efficient measure toward lower- 
ing the generally too high finishing temperature of the rails. It 
was assumed that any step in that direction would interfere with 
the output and this was not to be considered. While the results 
given in the paper did not attract much attention at the time, a 
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seed had been sown that was destined to bear much fruit. The 
importance of proper finishing temperatures gradually asserted 
itself until at the present day there is hardly a steel rail user or 
producer who is not fully alive toit. The results of many experi- 
ments along this line have been published within the last twelve 
months, which, although they merely confirm the conclusions 
reached some ten years ago, are, curiously enough, treated by 
their authors as newly discovered facts. This peculiar attitude 
on the part of writers who ought to be familiar with the previous 
treatment of their subject, attracted the attention of the Razl- 
road Gazette, which says editorially, under date of May 31, rgor: 


In all the discussions on the heat treatment of steel the matter has 
been treated as though it was new, and the writers appear to have for- 
gotten the early work of Tschernoff, Metcalf and others, and the later 
work in the early go’s. It is well to realize thoroughly that this is no 
new fad. Notwithstanding all that has been said on this subject it has 
been a hard matter to get engineers to realize that steel can be rendered 
almost worthless by being finished too hot in rolling When this im- 
portant fact is fully appreciated we may expect to get the best results 
from steel, as means will be taken to give it the proper heat treatment in 
rolling. 

In Mr. Metcalf’s classical paper on steel, presented before the Ameri- 
can Society of Civil Engineers, March 2, 1887, and reprinted in the Razl- 
road Gazette of March 18, he says: ‘As steel congeals it forms crystals and 
the sizes are largely affected by the rate of cooling; slow cooling favoring 
the formation of large crystals, quick cooling and also agitation producing 
fine crystals. . . . In every piece of steel that is in existence to-day 
there is a sure record of the last temperature to which it was subjected as 
well as of the manner in which the steel was worked. I mean to say that 
for every variation of heat that is visible to the naked eye there is a 
corresponding variation in structure which is equally visible to the naked 


eye if the record be opened by fracturing the piece. . . . Foradouble 
quantity of carbon we have five times the difference in specific gravity, 
due to an equal difference in temperature. . . . The finest crystals 


and the best structure can only be formed by quick cooling and the violent 
agitation of the hammer or of the rolls.”’ 

At the World’s Fair Congress of Engineers, in Chicago, Mr. Albert 
Sauveur, then in the employ of the Illinois Steel Company, gave the 
results of his investigation on the heat treatment of steel rails in six 
propositions, which are well worth the study of any one interested in this 
subject. His paper will be found in the Transactions of the Institute of 
Mining Engineers, Vol. X XII, from which we quote: 

“A polished and etched section of steel rail when examined under the 
microscope does not by any means reveal in all its parts the same struc- 
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ture. This heterogeneousness of structure is due to the different tempera- 
tures at which the various parts of the rail leave the finishing-rolls, and 
to the unequal rate of their subsequent cooling. The propositions formu- 
lated in the first part of this paper should enable us to foretell such vavia- 
tions in the structure of a rail. 

“The outside of a rail, leaving the rolls coldest and cooling quickest, 
will offer less chance for crystallization, and should therefore show a 
smaller grain than the inside, which, being the hottest and cooling down 
more slowly, will favor the crystallization of the metal, the size of the 
crystals or grains reaching its maximum in the centre of the head. It 
might also be inferred that the smallest grain will be found at the ex- 
tremities of the flange, since this is always the coldest-finished region.- 
Proceeding from the outside to the inside we shall find the tendency 


’ 


toward coarse crystallization gradually increasing.” 


The Kennedy-Morrison Rail Finishing Process —The sud- 
denly renewed interest in the subject of proper finishing tempera- 
ture for steel rails, just alluded to, led the Carnegie Steel Com- 
pany to a notable departure at their Edgar Thomson plant, 
from the ordinary mode of proceeding. This move on their part 
was given much publicity and has attracted the attention of all 
rail consumers. Stated briefly, the modification which they 
have introduced in the rolling of steel rails consists in holding 
the rails on a cooling table a few minutes before subjecting them 
to the last pass. It is argued that by so doing the rail is finished 
at a lower temperature, which is the desideratum aimed at. 

Let us look critically into this new departure in rail rolling. 
The rail when it reaches the cooling table introduced before the 
final pass is at a high, or relatively high, temperature and is then 
allowed to cool until a certain lower temperature is attained. 
During this undisturbed cooling the metal evidently crystallizes 
and the rail must necessarily enter the finishing rolls in a crystal- 
line condition, which will be the more pronounced the higher the 
temperature of the rail when it reached the cooling table and the 
slower and more prolonged the subsequent undisturbed cooling. 
It also seems as if the single pass to which the metal is subjected 
after this crystallizing period cannot be sufficient to break up the 
crystallization just created. On theoretical grounds, therefore, 
if a material gain results from this method of proceeding, I do 
not see how it can be accounted for. Let us remember that any 
undisturbed cooling above the critical temperature constitutes a 
crystallizing period. By partially cooling the rail before the 
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final pass, we shorten the crystallizing range after the rail has 
left the finishing rolls, but we create a crystallizing period just 
before the final pass, which is exactly equal in length to the 
diminution of the final undisturbed cooling. We do not, by so 
doing, decrease the total crystallizing range, which alone governs 
the size of the final crystals; we merely divide it, causing a part 
of it to be located immediately before the final pass and the 
balance immediately after, so that a rail treated by this process 
has passed through a crystallizing period of exactly the same 
length. 

The only beneficial effect, therefore, that can be claimed for 
this process is that it breaks up the crystals produced just before 
the last pass, resulting in a finer structure rail. If we consider 
that the reduction produced by the last pass is about 5%, it 
seems hardly conceivable that so slight an amount of work 
could be effective in breaking a pre-existing coarse structure. 

Similar criticisms of the value of the Kennedy-Morrison 
process have been published by Mr. S. S. Martin, of the Mary- 
land Steel Company, who contends, apparently on good ground, 
that any undisturbed cooling introduced in the process of rolling, 
in order to be effective in producing a finer grained rail, must 
take place at an early period, because then the considerable 
reduction, 2. e., the great amount of work to which the rail is 
subsequently subjected, will break up the crystals formed 
during that undisturbed cooling. It has also been argued, 
and rightly, I think, that those mills which do not reheat 
their blooms produce finer grained rails, for the simple reason 
that they finish their rails at a lower temperature. 

To sum up, in order to confer a fine-grained structure upon 
steel tails, three courses seem to be opened: 

1. To shorten the crystallizing period, 7. e., the time during 
which the rail is allowed to cool undisturbedly above the critical 
temperature (say about 700° C.). In other words, the rail should 
be finished sufficiently cooled, and the finishing temperature 
will, of course, depend in turn upon the temperature of the ingot 
when rolling begins and upon the speed of the operations. The 
main objection to starting and carrying the rolling at a relatively 
low temperature is that it throws more work upon the rolls. The 
objection to a slow rolling speed and handling of the material is 
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that it decreases the output of the mill. Both objections imply 
an increase in the cost of the rail. 

2. To cause a part of the crystallizing period to occur pre- 
vious to the final pass, 7. ¢., to allow the rail to cool undisturbedly 
at some stage of the operations, and for a short time, before com- 
pleting the rolling. This cooling in order to be effective should 
occur at a sufficiently early stage of the rolling, in order that the 
resulting crystallization may be broken up through a sufficient 
amount of subsequent work and reduction. Such results would 
be obtained by placing the cooling table at the shears. The 
objection to this course is that the shaping of this cooler bloom 
into rails would require greater mechanical effort and, therefore, 
increase the cost of production. 

3. To finish the rail at the temperature most desirable for 
easiness and speed of manipulation in rolling and then to reheat 
it to a temperature slightly above the critical temperature, a 
treatment which would result in the breaking up of the pre- 
existing coarse structure, replacing it by a much finer one. This 
course would undoubtedly be the most effective of the three as 
it would not only impart a fine structure to the rail, but also a 
uniform structure to all its parts, while a rail not so treated must 
necessarily be coarser in the central parts than nearer the cooling 
surfaces, owing to the higher temperature of the centre when the 
rail leaves the finishing rolls and to its slower subsequent cooling. 
The cost of such reheating treatment would undoubtedly be very 
great and, possibly, prohibitive. 


DISCUSSION.* 


P. H. DupLtey.—Professor Sauveur in his valuable paper 
by treating the subject as a general proposition, without men- 
tioning any of the relations a rail sustains by its section and 
stiffness to railway service and interests, perhaps condenses his 
paper too much, for it will be read rather in an educational than 
a technical sense by a majority of readers. 

Many will infer that colder rolling is the only important 
requisite now required to make rails which will meet the de- 
mands of present service, reducing the loss of metal by wear to 
as slow a rate as was the case on the early Bessemer steel rails 
of two decades ago under the lighter wheel loads. This would 
be a return to the practice which then prevailed with the limited 
output, and a price of rails of three to four times the present cost. 

Besides a return to the slower and consequently colder 
rolling from the small ingots of the early Bessemer steel rails 
which replaced iron, a sound ingot is needed of a grade of steel 
which will produce the essential physical properties for the rails. 
as girders and also insure a slow rate of wear. 

It should not be forgotten that while we are all familiar 
with the rapid doubling and trebling of the wheel loads in the 
past decade, the stresses in the rails as girders are principally 
met by elasticity of length, while the increased intensities of 
the wheel pressures per unit of contact between the wheel treads 
and the rail heads are sustained more by the elasticity of volume, 
which is quickly reduced by the slightest unsoundness of the 
metal in the surface of the rail head. Therefore, to have the 


most benefit from colder rolling or heat treatment the metal. 


must be sound and homogeneous. 

The evolution of the present “‘up-to-date steel mill’’ has 
been more in the direction of increasing the “output” and 
decreasing the cost of the product than of any intention of 
decreasing the quality of the finished rails. 

The mechanical conditions for an increased output have 
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(85) 


’ Mr. Dudley, 


Mr, Dudley. 


86 DiscUSSION ON TEMPERATURE OF RAILS. 


received most of the consideration. It was not anticipated 
from a metallurgical standpoint—the latter not being so well 
understood—that there would be a decided reduction in the 
quality of the product from the same composition as was used 
for the earlier sections. These had more work, in fact, by 
eliminating the essential time element for crystallization in 
the slower and colder rolling. Now that a large product can 
be secured, the question of quality for present service is being 
considered more generally. 

There does not seem to be any reason why the construction 
of a rail mill is not possible which will permit not only much 
colder rolling and finishing temperatures than are now general, 
without restriction of the ‘‘output,” but turn out a more uni- 
form and better finished section than is now produced. The 
standards of smoothness of track are now much higher than a 
decade ago on all of the important trunk lines, and they have 
not reached their limit. The smoothness of the surface of the 
rails rather than its wear now determines when they must be 
replaced. 

Professor Sauveur states several facts—principles—which 
he says are old and well known, particularly the one in the first 
paragraph, stated by Professor Tschernoff in April and May, 
1868. This was the period of active substitution of Bessemer 


steel rails in this country, some of the first having been put into 


service in 1863. Crucible steel had been tried in a limited way 


_for the purpose of securing a fine-grained and homogeneous 


metal for wear. 

Booth’s crucible steel capped rail head was tried exten- 
sively to secure a portion of the head of fine-grained material 
for wear, the balance of the section being of iron. Both prac- 
tically and technically it may be said to have been recognized 
by many people fora long time that for the slowest rate of wear 
in the heads of rails the metal should be fine grained. Experi- 
ence has confirmed this and also the important fact that the 
metal must be sound and homogeneous. 

While such facts may be known but not generally under- 
stood, it is difficult to have them incorporated as essential 
features in the manufacture of rails. 


Technical principles of far-reaching importance must be 
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stated, absorbed and digested by hundreds of minds before they 
can be reduced to practice in a commercial sense for railway 
interests. This requires years of discussion in technical socie- 
ties, and circulation of their papers. 

In the first paragraph and the first sentence of the second 
of Professor Sauveur’s paper, he states, as he says, well-known 
facts. The statements are generally true as applied to blooms 
or material which has been rolled from the ingot, but do not 
cover all the work to be done when rolling rails direct from the 
ingots, or to blooms. 

The fluid steel of about 1 450° C. is tapped from the teeming 
ladle into the mold, the steel on congealing forms a decided 
columnar structure interiorly from the sides of the iron molds 
of one to one and a half inches in thickness, the interior mass 
crystallizing in the usual granular or polyhedral forms. The 
ingots after cooling fifteen to twenty minutes are set sufficiently 
to be stripped, and are then placed in furnaces or soaking pits 
until the heat of the interior and exterior portions of the ingot is 
sufficiently equalized at about r 110° C. or 1 150°C. for blooming. 
The work of the blooming passes breaks up the coarse columnar 
structure though rarely without several skin cracks occurring, 
which, though not completely, roll out partially in the roughing 
and finishing passes for the rails. Some “seconds” are pro- 
duced, the percentage being high when exceeding five or six 
per cent. J 

It requires close attention to the composition and manu- 
facture to produce an ingot with a columnar structure that will 
withstand the subsequent heating and blooming without crack- 
ing. ‘‘Cobbles’” are not infrequent. If the rolling is direct 
from the ingot to the finished rail, then the work of the passes 
must break up not only the ingot structure, which seems to be 
done before or during the ‘‘dummy”’ pass, but prevent the 
building up of a coarse structure until the work ceases. This 
should be near or slightly below the critical temperature for the 
given composition. 

Rolling or forging not only can break up a structure during 
“hot work’? but check a large crystallization to the critical 
temperature for the steel. 

~“ Hot work” influences the final texture of steel by break- 
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ing up the ingot or bloom structure, as the case may be, reducing 
the steel to a plastic or possibly a porcelanic condition, and by 
eliminating the essential time element for the crystalline forces 
to rearrange the combinations retards crystallization from a 
higher to the critical temperature for the composition. 

This important principle, so clearly set forth in other words 
in paragraph 2, page 2, of Professor Sauveur’s paper, is the key- 
note of practice to be observed to improve the quality of steel 
rails during the period of PROPER HOT WoRK. It can be so well 
applied in practice as not to restrict the output.* 

“Blue working” is not advisable though below this tem- 
perature the steel again increases in tensile strength, then 
reducing slightly as it reaches 30° C. 

Some of the early foreign Bessemer steel rails were rolled 
until the critical temperature in the head was passed, while one 
firm toughened their rails. In regard to ductility, I place more 
restriction upon it than Professor Sauveur does in his paper. 
In rails I insist upon high elastic limits in the metal and then 
the requisite ductility for safety and good wear of the rail heads. 

Rails in the tracks of steam railways to carry the moving 
wheel loads must perform the functions of continuous girders, 
and we are limited as to the amount of ductility we may give 
the metal for rails. 

The rails must be elastic and should have high elastic 
limits, 55 000 to 60000 pounds, and then have the requisite 
ductility and fine-grained structure in the metal for wear. 

Unit fibre stresses in the base of rails under high speed 
trains, even in 80 Ib. rails of 45 coo tbs. in tension, are not 
uncommon. 

The introduction of stiffer rails as girders in the tracks and 
the higher standard of maintenance possible have permitted 
the doubling of the driving wheel axle loads, the tractive power 
of the locomotives, the passenger train loads and increased the 
freight train load four to six times during the past decade. 

The steam pressures have been increased from 135 to 205 
tbs. due to the use of steel in locomotive boilers and the latter 


* Subsequent to writing this discussion, some rails were rolled so cold, though not to or 
below the critical temperature, as to produce a non-granular structure. The elastic lim- 
its, however, were reduced below what was desirable. The effects of colder rolling do not 


seem to follow the same laws as thermal treatment and there is much room for further 
investigation, 
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increased in capacity, so they can generate and maintain an 
expenditure of r 200 to 1 500 horse power at sixty and sixty-five 
miles per hour. Such service is only possible on the stiffer and 
heavier rails of the present. 

It is a fact now known but not generally understood, that 
the stresses in the rails increase decidedly under the large ex- 
penditures of tractive power, beside that due to the weight and 
speed of the locomotive. With the increased service which has 
followed the introduction of the heavier and stiffer rails there 
has been a legitimate increased wear of the head, while there 
has been some increased wear due to the quality of the product. 
The increased axle and train loads have resulted in a decrease 
of operating and maintenance expenses, so that from the finan- 
cial standpoint it is found desirable to use the stiffer and heavier 
rails. The demand for such rails at the present time (1902) 
exceeds the output of the mills, and any manipulation of the 
process of manufacture which will limit the output is not likely 
to receive much consideration. There is no reason, however, 
why the output need be limited to insure much colder rolling 
or the manufacture of a fine-grained rail. 

Rails rolled direct from the ingot have a finer texture, as 
would be expected, than those from the same composition 
rolled from re-heated blooms. The shrinkage allowances now 
prescribed for 80 and 100 tb. rails are yet in excess of the allow- 
ance for the former lighter rails, and some reduction in the 
future may be expected. Professor Sauveur has summarized 
the steps which may be followed to secure colder rolling or heat 
treatment. 

RoBert Jos.—Professor Sauveur has given a clear and 
concise summary of present knowledge regarding influences of 
structure upon physical properties of steel, much of it being 
derived from his own published work in and since the impor- 
tant paper of 1893.* The latter, with the work of others as a 
basis, placed the subject of heat treatment of steel in a definite 
and practical form, and great improvement in quality has 
resulted. 

In connection with the term ‘‘finishing temperature,” we 
often find a good deal of apparent misconception, and it seems 


* Transactions American Institute of Mining Engineers, Vol. XXII , pe 547. 
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desirable, at the risk of repetition, to state that the low finishing 
temperature desired is a temperature near the critical point at 
the time when thorough working of the steel ceases. To secure 
the best results, as stated, it does not appear sufficient to carry 
on 95% of the reduction at a relatively high temperature, and 
only 5% at the lower temperature, and it has been shown by 
Mr. S. S. Martin, and also by results presented a month ago at 
the joint meeting of the Franklin Institute and of the American 
Institute of Mining Engineers at Philadelphia, that such pro- 
cedure toughens the steel merely to the depth to which working 
extends during such last reduction, and that the condition at 
centre of head is practically unchanged. 

As an indication of the attention which is being given to 
the study of heat treatment, the discussion before the Iron and 
Steel Institute, London, last month is noteworthy, and the state- 
ment by Sir Lowthian Bell that a solution to the cause of brit- 
tleness in certain rails under the drop test would probably be 
found by following out these lines of study, is of especial interest 
in view of his well-known experience that rail failures have been 
seldom explained by the ordinary chemical analysis. 

The whole subject of manufactured rails is passing through 
a period of transition, and we feel certain that by practical study 
and experiment along the lines which have been worked out, . 
methods will be perfected which will result in the fine-grained, 
tough, ductile quality which gives the greatest durability in 
service, and this without decrease of tonnage at the mills, or 
increase in cost of production. 

Henry M. Howe.—I have been asked to tell you what we 
are about doing at Columbia University to throw light on the 
relation between the finishing temperature of steel and its micro- 
structure and physical properties. We have put in a small roll 
train driven by a motor, and arranged a furnace for extremely 
accurate heating. What we propose to do first of all is to heat 
bars of steel all exactly alike to the same given high temperature 
and allow them to cool: we shall let one cool to 1 300° C. and 
roll it through one pass instantly, and then let it cool completely; 
another we shall allow to cool to perhaps 1 275° and roll that 
instantly; another to r 250° and roll that instantly, and so on. 
We shall finish a lot of bars of steel all exactly alike, in exactly 
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the same way, except that the finishing temperature will 
vary. We should know within ten degrees what the finish- 
ing temperature is. We shall then determine the physical prop- 
erties, and the microscopic structure. It seems to me that in 
that way we shall be able to make a start towards getting some 
absolute, definite, quantitative knowledge on this subject. We 
shall know for this particular steel what microstructure corre- 
sponds both to a given finishing temperature and to given 
physical properties. Given the microstructure, we can tell at 
what temperature this steel has been finished and also what its 
properties are. With this we shall make a start, and I think in 
the right direction. ; 

Tue PresipENT.—It should be remembered that it was 
decided to take up in connection with this discussion the question 
of the desirability of introducing into our standard specifications 
for steel rails a clause concerning heat treatment.* 

Joun McLeov.—I have followed with interest the papers of 
Mr. Sauveur and Mr. Martin, and I would like to say that our 
company has undertaken some improvements in the heat treat- 
ment of rails. Before doing that we were confronted with the 
desire of the engineers to introduce high carbon requirements 
into their specifications in order to overcome the hot finish and 
in that way try to get rails which would endure as well as the 
old rails, which were very much lower in carbon. Ina discussion 
which took place five or six years ago in the Chicago office of 
R. W. Hunt & Co., I asked Captain Hunt: ‘Do you agree with 
me that if, with .35 to .40% carbon, we produce the structure 
in an 80-pound rail that exists in a 60-pound rail that the 
80-pound rail will be as good as the 60-pound rail?”’ He replied: 
“Certainly, I agree with that.”’ I said: ‘‘ Very well, then, we 
had better take this question up along those lines and see what 
can be done.’’ There were present at that meeting Mr. Mor- 
rison, of the Morrison-Kennedy process; Mr. Thomas Johnson 
of the Pan Handle; Mr. C. L. Taylor, of our company; Mr. 
Pearce, of the Chesapeake & Ohio, and several others. There- 
after when Mr. Morrison started on this scheme, aiming to get 
the same tonnage and yet improve the structure of the rail, he 
was confronted with the same theory which Mr. Sauveur has 
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explained as his theory of the proper manipulation of steel, that 
the process should extend farther back than just before the last 
pass. It is a very natural theory; but after our experiments we 
could not find that we derived any added benefit. This experi- 
ence simply confirmed what we had already convinced ourselves 
of in connection with the finishing temperature of eye-bars, 
where we had tried the next to the last, the second and the third 
from the last pass with little, if any, added benefit. It would 
not have been an impossible thing to have gone farther back 
than the last pass in our rail mill; it would simply have meant 
pushing two roll-trains over instead of one and having the 
starting point further back; but since we felt that it would be 
useless, we decided not to do it. Before changing our mill, 
however, at considerable expense to our company, we rolled 
some rails by holding them before the last pass and put them 
in the track at a point in our yard where we had always rejected 
rails after a service of a little less than a year. After a year had 
passed the inspection of those rails showed that they were good 
for at least another year’s service—that the capacity of the rail 
had been doubled. We then decided to change our mill as it 
has been changed under the Morrison-Kennedy process. 

Now, Mr. Sauveur may be right, for I do not think that we 
have gone far enough to say that he is wrong; and his theory 
certainly seems logical, but I do believe that as far as we have 
gone the rails we have made under the Morrison-Kennedy process 
will develop a much longer life than the rails that we rolled under 
the old practice. 

Other rail mills may accomplish in another way what we are 
attempting to accomplish in our way, and their rails may be just 
as good or better than those we are turning out. But I believe 
that we should wait for more definite information before under- 
taking to change our specifications. However, we, as a com- 
pany, think that the shrinkage test is a convenient method of 
checking the finishing temperature, provided due allowance be 
made for the time element between the last pass and the hot- 
saws, since the distance from the rail-train to the saws may be 
quite different in different mills. 

THE PresipENT.—I should like to bring out one more point. 
Mr. McLeod just said that the test of rails in their yard showed 
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double endurance where the rails were finished after being held 
for the last pass. I should like to ask what was the cause that 
took the rails out of service under the old practice, and what 
was the cause that took them out of service with the modified 
practice. 

Mr. McLeop.—I am sorry I cannot enlighten you on the 
latter part of your question. The rails were simply worn out in 
the first instance. You may be sure they are worn out when a 
manufacturer discards them himself. The rails made by the 
new process, after having given service which would have caused 
the death of rails made by the old system of rolling, were in such 
condition that they seemed to be good for another year. I am 
sorry that I have not the information which would enable me to 
make a definite statement as to how long they did last. 

THE PRESIDENT.—The answer Mr. McLeod gives enables me 
to bring out the point that I had in mind, namely: when is a 
rail worn out? Some years ago some of you may remember we 
ourselves made a little study of steel rails; and in the course of 
that study the point was developed that when a rail has worn 
down from the top so that it is three-eighths inch less in height 
than it was when it was put in the track, that rail is no longer 
fit for service in main track; not because the rail can be exactly 
said to be worn out, but because the top of the rail has become 
what we call wavy or undulating. In this condition it produces 
rough riding in the cars. Such rails are usually drawn from the 
main track and put either in sidings or on branch roads. 

Professor Sauveur indicates that the 5% reduction pro- 
duced at the last pass does not probably affect the steel clear 
through. Does it affect steel three-eighths of an inch; and if so, 
haven’t you got the real valuable wearing structure of the rail 
what it ought to be? 

E. F. Kenney.—I do not understand exactly the ground 
that Mr. McLeod takes in objecting to this information being put 
in the specifications. If we do not specify a colder treatment 
for rails, how are we engineers going to get rails finished that 
way, and if we do not get them, how are we to obtain any 
information as to their wear? It seems to me that it would be 
advisable to try this plan to find what the wear of rails finished 
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Mr. McLreopv.—We are perfectly willing that you should put 
that in your specifications, in so far as we are concerned, but the 
shrinkage that would suit the conditions at our mill might not 
suit another mill in which the distance from the rail-train to the 
hot-saws is entirely different. 

H. H. Campspetit.—Our saws are about a foot and a half 
away. We would like to get them a hundred feet away, but it 
would cost us a hundred thousand dollars to do it; as a matter 
of fact, we roll two lengths, and there is just room to saw the 
ends off and that is all. In other words, the mill was built for 
a 30-foot rail. I recognize that no manufacturer has any right 
to ask concessions on account of any antiquated condition of his 
mill, but I am not asking any concession in the quality of the 
material; I simply object to your specifying a certain way of 


doing the work and a certain way of constructing the mill. You 


have a right to ask for a certain quality in the rail, but no one 
will intimate that it helps the rail to wait ten seconds or thirty 
seconds before it is sawed. I say we must not legislate for or 
against any existing mill on account of a mere incidental condi- 
tion that does not affect the quality of the rail at all. 

As to the finishing temperature, it has been argued by 
Mr. Sauveur, by Mr. Martin, and I think it will be generally 
conceded, that the rail would be better if it were held at some 
previous pass. Shrinkage is going on while it is being held on 
the table of this Morrison-Kennedy process arrangement, and 
therefore they get a very small shrinkage after the last pass. 
Now then, can you ask any other mill to parallel that condition 
and give as small a shrinkage? I do not think it is just to ask 
it until you prove positively that a finishing pass with its 5% or 
7% amount of work reduction does just as much good as a whole 
series of passes of 20%, 25% and 30%. Mr. McLeod has stated 
the thing very scientifically and has said that the evidence before 
them justified that procedure, but I do not think he will make a 
positive statement that it does do as much good; if not, then 
you must certainly not found all your specifications on the 
shrinkage obtained in that one process, and you must acknowl- 
edge that the Scranton mill and the Maryland Steel Company, 
both of which roll down in one heat from the ingot, have always 
turned out rails at a low temperature, and they do not get the 
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shrinkage asked by the Pennsylvania Railroad specifications; 
they can’t do it and they don’t know how to doit. There is one 
important difference, however, between an error by a railroad 
and an error by this Society. When the Pennsylvania Railroad 
makes a mistake, the inspector lets the mistake hang up in the 
air, while he takes his rails, for the power that wrote the speci- 
fication can modify it on a moment’s notice; but when we as an 
organization—I was going to say an international society—pub- 
licly proclaim a certain shrinkage-clause, we cannot modify it 
without long debate and the lapse of many months. It seems 
to me that we must get positive information; we must rather 
be guided by standard practice; the clause before us is not 
standard practice, and is brought forward without complete 
proof of its value. 

Mr. McLeop.—Mr. Campbell’s sentiments, as he has just 
expressed them, agree with my own. We do not feel that this 
question is absolutely settled; but we feel certain that we are 
getting a better product than we did before; how much better 
the rails will have to tell for themselves, and we are perfectly 
willing that they should. 

Mr. Kenney.—I want to correct the impression that the 
Pennsylvania Railroad specifications were based on the Edgar 
Thomson practice. That is not the case. I went out to the 
Cambria mill personally, and in the presence of the Cambria 
officials rails were rolled and held longer and longer until we 
reached what we considered the proper finishing temperature. The 
shrinkage allowed was 514 inches on an 85-pound rail, and those 
rails were put in track and gave better satisfaction than almost 
any we ever got from carbon steel. 

Grorce E. THackray.—Regarding the introduction of a 
shrinkage clause in the rail specifications, as at present under- 
stood, this is almost purely theoretical to-day, and although we 
have been working for some years to discover the relation 
between the structure of rails and their wear, we must confess 
that we have not yet been able to determine this definitely and 
positively. The relation; between the shrinkage, the structure 
and the wearing quality are as yet unknown, and until we can 
make a specification that means something, based upon facts, 
this question should be held in abeyance. 
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Wn. R. WessterR.—There seems to be some misunder- 
standing about this matter. We have not, as members of the 
Rail Committee of the American Railway Engineering and Main- 
tenance of Way Association, asked this Society or any other 
body to state the amount of shrinkage in the specifications, and 
we ourselves did not know just what amount to specify. We 
knew it should be different for a rail rolled direct from the ingot 
and from one rolled froma reheated bloom. But we do want 
data on this important matter in order that we may at some 
future time specify the proper shrinkage on rails. 

Mr. SAuvEUR.—Referring to Dr. Dudley’s inquiry whether 
such a slight reduction as 5 to 744% would affect the structure 
deeply enough to produce a much better wearing surface, I of 
course cannot answer that question. I am inclined to think, 
however, that the effect of such a slight amount of work would 
be very superficial—that it would not extend far below the mere 
skin of the rail. If] remember rightly, Mr. Martin, of the Mary- 
land Steel Company, did some experimental work in that direc- 
tion, and found that the alteration of the structure was very 
superficial indeed. 

P. E. Caruart.—At the Illinois Steel Company’s mill the 
rolling is direct from the ingot, and I believe we are rolling at a 
considerably lower temperature than certain other leading mills. 
It is true, however, that the shrinkage which we are now getting 
is not as low as that obtained by the Kennedy-Morrison process. 
In my judgment, it would be a mistake for this Society to adopt 
a shrinkage clause at this time, for reasons already referred to 
by other speakers. 

Mr. WessTER.—I move that this question be referred to 
the American Branch of Committee No. 1 for the purpose of 
gaining further information on the subject. [Motion carried.] 


THE RELATION BETWEEN THE BASIC OPEN- 
HEARTH PROCESS AND THE PHYSICAL 
PROPERTIES OF STEEL. 


TopicaL DIscussION. 


Cuartes B. DupLey.—During the past six or eight years, Mr. Dudley. 
we have noticed in the tests of metal which have been | 
made in connection with the Testing Department of the 
Pennsylvania Railroad Company, that the tensile strength 
of the steel, seemed to be diminishing. Specifications which 
used to furnish us steel showing 80000 to 85 000 pounds 
tensile strength, now show steel of 70000 to 75 000 pounds, 
and indeed even lower than this, and that, too, notwith- 
standing the chemical part of the specifications has been 
unchanged. Perhaps the most notable example of this is in the 
case of the specifications for car axles. These specifications 
require a steel of from 0.35 to 0.50% carbon, phosphorus not 
over 0.07%, manganese not over 0.60%, silicon about 0.05% 
and sulphur about 0.04‘%. Under these specifications some 
years ago, we expected to get, as said above, not less than 80 000 
pounds tensile strength, with an elongation in 8 inches of from 
16 to 18%. More recently, under the same specifications, we 
are finding the tensile strength to drop off quite perceptibly. 
It should be stated that during this period the basic open-hearth 
has replaced largely the acid open-hearth in the manufacture of 
steel for axles, and under this process, while the carbon and 
manganese remained much the same, the phosphorus, silicon and 
sulphur have dropped quite considerably. We think it would be 
expected that this diminution in these constituents, would to a 
certain extent at least affect the tensile strength, and as there are 
those present who have done a good deal of work on this very 
point, we shall look with very much interest to see whether, as 
the result of their studies, the change in chemical composition will 
account for the change in physical properties. We have our- 
selves planned quite an investigation on this point, embracing 
perhaps one hundred samples, but have not yet obtained any 
2 (97) 
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data. The fact, however, remains, and has a practical bearing 
in this, that all our experience now for eighteen to twenty years 
on this point, points quite clearly in the direction that for metal 
subject to alternate transverse stresses, as is the case in car axles, 
a metal of about 80000 pounds tensile strength is extremely 
desirable, if not essential. 

It should be stated for information that car axles are 
usually designed with a maximum fibre stress of about 20 000 
pounds per square inch in tension, and a corresponding stress in 
compression. To successfully withstand these stresses without 
detail fracture, steel of the grade mentioned seems to be essential. 

There is another phase of the question upon which it seems 
to us both discussion and investigation are desirable, namely, 
will the same chemical composition and the same heat treatment 
in two pieces of steel, one made in the acid open-hearth furnace 
and the other in the basic open-hearth furnace, give the same 
physical properties; in other words, chemical composition being 
laid aside and heat treatment being made the same, do the two 
processes give a steel with the same physical properties? We 
have some indications, but no definite proof that steel made by 
the basic open-hearth process, under these conditions, will not 
have the same physical properties as if it had been made in the 
acid furnace. 

I may add for information that our present axle specifica- 
tions are in reality over six years old, and that since they were 
put in force, some 380000 axles of various sizes have been 
purchased and put under cars on those specifications. From 
some of the axles very little service has yet been obtained, as a 
very large number of them have been put in service during the 
past year. We have thus far had very few failures, but we are 
beginning to get indications that the older axles made in the 
basic furnace are not stiff enough for the service. In other 
words, they do not come up to the tensile strength mentioned as 
being desirable for car axles. It may also be interesting to know 
how it came about that this figure of about 80 000 pounds tensile 
strength was decided on as being satisfactory for car axles. 
Something over twenty-five years ago, most car axles were made 
of iron, and as steel was coming forward with prominence, it 
was deemed advisable to begin experiments with it. Accord- 
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ingly some axles were obtained of about 65 ooo pounds tensile 
strength. Test axles of this kind showed quite remarkable 
behavior under the drop test, far outstripping iron axles of the 
same size in this respect, and it was thought that a very much 
better axle than an iron axle had been obtained. 

Accordingly the use of steel was quite rapidly extended, 
but in the course of two or three years it was found that these 
axles began to fail in service, due to detail fracture. The fracture 
was principally at the shoulder of the journal, and in some cases 
the journal was found in the car box at the end of the run, 
having dropped off in service. The matter became so serious 
that a consultation was called, with the hope of devising some 
means of overcoming this difficulty. There seemed to be two 
possible methods of meeting the problem, either to increase the 
size of the axles, or to stiffen the steel. To increase sizes meant 
redesigning the parts, which is always a serious matter with 
structuresin service. Accordingly the other horn of the dilemma 
was taken, and a stiffer steel was demanded. The limit of 80 000 
pounds was decided on, not because we had positive knowledge, 


but because it was hoped that such a strengthening of the metal’ 


would enable it to meet the strains successfully. The events 
proved that the increase made in the strength of the metal was 
afortunate one. It is perhaps safe to say that it is very rare that 
a metal of 80 ooo pounds tensile strength in car axles breaks in 
detail, with the present designs. 

I am sorry not to have more definite information to com- 
municate’on these points, but as stated at the outset, I cannot 
at this time do more than simply state the problem. 

Mr. CampBELL.-—Mr. Webster was one of the first in this 
country to make a systematic investigation of the influence of 
the metalloids upon steel, and I tried a little hand at it a short 
time afterward. The criticism that I have made of Mr. Webster’s 
investigation applies to a less extent to the present question: 
any two test pieces, any two pieces of structural material, are 
made under different conditions; they are larger or smaller; they 
are made under different conditions of work and temperature; 
and it is hard to compare the chemical analysis and physical 
results of one piece with the chemical analysis and the physical 
results of another piece and say that the difference is due solely 


Mr. Dudley. 


Mr. Campbell. 


Mr. Campbell. 


100 ~=0© DiscusSION ON PHYSICAL PROPERTIES OF STEEL. 


to one factor. At the Pennsylvania Steel Company we take a test 
from every open-hearth heat, and also test pieces are taken under 
as nearly the same conditions as possible:’in the casting, in the 
working, and in the finishing into the same sized test piece. 
They are heated always in the same furnace by the same men, 
worked in the same sized roll in the same number of passes, and 
finished as nearly as we can tell at exactly the same temperature 
and cooled in the same way and pulled in the same machine by 
the same men. Our experience of ten or fifteen years shows 
that the results obtained from those test pieces are conclusive, 
and are regular; in other words, when we sell steel to a certain 
plate-maker to roll plates, we tell him what the result of our 
test piece was for that heat. That does not mean that if he 
rolls a 114-inch plate, he is going to get the same tensile 
strength that we found, but he can judge from that as a basis, 
and he will get about the same results as ours on a 3-8 or 7-16 
or %-inch plate rolled under ordinary conditions; from that he 
can judge what it would be on a thicker or thinner plate. 

We have on record such a test piece from every heat that 


‘we have cast in our open-hearth plant for years, and we recognize 


that there is a certain determinative error in each one of these, 
this error amounting to possibly a few hundred, or possibly a 
thousand, pounds. In order to avoid these errors and also to 
make less work, I grouped the different kinds of heats that were 
alike, not grouping any that were unlike. Sometimes there were 
six in a group and sometimes forty, where they seemed to be all 
alike in chemical composition. Now, then, we have a large 
number of those averages—averages of tensile strength and, 
chemical composition. The question was to determine the effect 
of the different elements, and this was done by the ‘‘ Method of 
Least Squares.” The result found by this method of calculation 
is not mere theory. No preconception has anything whatever to 
do with it. It is not a question of whether you believe the result 
or not. It is an algebraic answer. We did that for acid steel 
as distinct from basic steel, and our conclusion showed that 
carbon has less effect per unit on basic steel than it does on acid; 
that is the answer given by this investigation. I do not say 
that it is a fact, but simply that the figures so stated. This work 
was done about eight or nine years ago. From then until now 


DIscussION ON PuysicAL PROPERTIES OF STEEL. IOI 


we have not shipped a single heat where the chemical composi- Mr. Campbell. 
tion has not been figured out by the formula to find out whether 
it agreed with the result from the pulling machine. Our men 
have become so thoroughly convinced that the basic formula 
fits the basic steel and the acid formula fits the acid steel, that if 


4 results do not agree within, say 2 ooo pounds, they immediately 
a look for an error and have the chemical determinations and the 
a physical determinations repeated on the extra test piece. They 
: ; are perfectly convinced that they will come out right, and they 
s know very well that the acid formula will not fit the basic and 
: the basic will not fit the acid steel. 

q The carbon has less effect per unit on the basic steel than 
: it does on the acid, from which it is clear that to get a basic 
’ steel with 70 ooo pounds tensile strength, will demand a higher 
: content of carbon than with an acid steel of the same tensile 
Zl strength, even though the phosphorus were the same; because 
2 in both cases we allow the value for the phosphorus which the 
’ algebraic solution gives. We find that in both our basic and our 
a acid equation the phosphorus confers strength, just about as 
: much as carbon in round numbers; that is to say, that .o1% 
4 of phosphorus amounts roughly to a thousand pounds in 
4 tensile strength; so that in reducing phosphorus from .o7 
; to .02%, which would be five points, you would take 5 000 
j pounds off the tensile strength and you would have to add five 


points carbon to make up for it, but if it were basic steel, then 

the five points of carbon would not make up for it; you would 

4 have to put on about seven points. In low structural steel this 

a _ difference in the value of carbon in acid and basic steels does not 

| cut a very great figure, but in the 85 000 and go 000 pounds it 

begins to be important in the larger amount called for of the 

a metalloid. : 
THE PrEesIDENT.—The practical question is this: If it be The President. 


mt a 


4 true, as our experience seems to indicate, that a car axle of about 
4 65 coo pounds tensile strength steel is hable to break in detail 
4 under the conditions of service, and if it is true likewise, that 


q under the specification with a limit of .35 to .50% carbon we are 
getting a good many axles that run as low, if made by the basic 
process, as 65 oco pounds, then we shall have to change our 
o specifications; because we need a higher tensile strength steel 
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for axles to avoid failure in detail. That is the practical problem. 
Shall we increase the carbon to above .50%, or what shall we do? 
We must have, apparently, material of about the stiffness that 
is characteristic of an 80 oo0-pound steel in order to successfully 
resist the stresses in car axles. Now, how are we going to get 
it when the steel is made by the basic process? 

Mr. Conpron.—With regard to phosphorus and its relation 
to the physical properties of steel, the question arises, is not 
there danger of endeavoring to get very low phosphorus? Speci- 
fications occasionally come into my hands, which call for phos- 
phorus as low as .02%, and they frequently state that the 
analyses in basic open-hearth steel be considered below .o1%. 
In the tests referred to by Mr. Campbell, the material has all 
been subjected to similar heat treatment, and as we are all 
aware, the material as delivered to the bridge builder is sub- 
jected to a great variation in heat treatment, which undoubtedly 
affects the physical properties quite as much as the chemical 
composition does. 

Mr. CAMPBELL.—My opinion is that the low phosphorus, 
even when down to .0o5% or lower, does no harm at all. We 
cannot see that it makes any difference in the tensile strength, 
nor in rolling qualities, nor in the physical qualities, in uniformity, 
or in any other way. I donot think that other people have ever 
found anything of the kind, either. I would ask Dr. Dudley, in 
case he is going to print what he has just said, to question 
whether his determination of carbon some twenty-five years ago 
was correct when steel of .22% carbon gave only 65 ooo pounds. 
I think he will find that twenty years ago the steel works were 
all wrong on their determinations of carbon in low steel. I know 
that our company, some twenty-five years ago, was wrong by 
thirteen points. I think at-that time others were also wrong; 
and they were always determining carbons which ran from .o8 
to .14% as being .20 to .22%; more than that, they are all 
wrong now on very soft steels, for they continually give results 
as .07, .08, .10, .11 and .12% when the steel carries only .04, .os 
and .06(%, and they. will even give you .o8 and .og% when they 
are really .o25 and .03%. It is perfectly immaterial, but still it 
is wrong. 

THE PREsipENT.—In answer to Mr. Campbell’s inquiry I 
would say that there are no positive records of the analyses of 
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the steel in question, but the works that made the steel, report The President. 


that the carbon was from 0.25 to 0.28%, the phosphorus about 
0.04%, the manganese from 0.50 to 0.55%, and the sulphur and 
silicon quite low. 

PAUL KREUZPOINTNER.—I am not able to speak in regard 
to the chemical properties of the steel used, nor to present such 
data of results as our large manufacturers can present, or Mr. 
Webster has been able to give us. At the same time, during 
those more than twenty years of testing on the Pennsylvania 
Railroad, which cover the period of transition of steel-making, 
I could not but have noticed some things. One of these things 
is, that not enough attention is paid to the elastic limit in deter- 
mining the quality of the steel for structural purposes. The 
talk is always about the ultimate strength. Now then, I have 
noticed this: Not only in new material, but in scores and 
hundreds of axles—broken axles that have come back for 
examination and investigation—that the ultimate strength may 
be the same in the same material of different makers, but the 
elastic limit may vary very much; and in the end, as everyone 
may determine for himself, if he takes the time and trouble to 
do so, we find that when the first point of extension is passed, 
that one metal will go to destruction more rapidly than the 
other. 

This brings me to another point. It has been claimed 
that it does not seem to make any difference whether we use 
soft or hard steel in bridges: that soft steel will stand the 
vibrations just as well and that it is as good as harder steel. 
This is against all practical experience. The harder steel neces- 
sarily has harder crystals. Whether the matrix be harder or 
the crystals alone be harder does not matter. As soon as we 
put a stress on the steel the crystals begin to move: they slide 
upon each other; and if the particles are soft, then they will be 
crushed upon each other more easily than if the crystals are 
hard. Ifthe matrix in which the crystals are imbedded is soft, 
then the crystals will slide more easily out of their position than 
if the matrix is hard. Now if the degree of elasticity of steel 
is dependent upon the degree of the hardness, or softness, 
of its matrix and crystals, or both, then, if the crystals are hard, 
and particularly if the matrix is also hard, then, on the applica- 
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tion of stresses, the crystals will not be forced out of their 
position so readily as when the matrix is soft, nor will the 
crystals be crushed so easily upon each other when they begin 
to slide upon each other; and when the load, causing stress and 
dislocation of crystals is removed in time these harder crystals 
will more readily slide back into their original positions. And 
this ability of the crystals to slide back into their original 
positions before permanent set takes place, we call the elastic 
limit, or that point where the metal regains its original dimen- 
sions. Thus, then, if the crystals are hard enough and they are 
able to return, we have a higher elastic limit and the steel will 
have greater elasticity; and having greater elasticity, it will 
naturally be able to withstand more vibrations successively than 
a steel where the crystals are easily drawn out of their position, 
and are crushed. This may be the reason why harder steel will 
suffer less under vibrations and is less subject to breakages in 
detail than the softer steel. 

I found that practically confirmed when the original speci- 
fications for axle steel were raised to 80 000 pounds, and when 
75 000 pounds was the limit of acceptance. In every-day prac- 
tice it was found that as-soon as the steel was accepted at less 
than 75 ooo pounds, then detail fracture would take place. 

To avoid detail fracture, it would seem well, therefore, to 
rely not merely on the chemical composition and the ultimate 
strength, but also to pay a little more attention to the elastic 
limit. 

Since the methods of manufacture are so very much more 
uniform nowadays than fifteen or twenty years ago, I am of the 
opinion that if we used fewer test pieces, but subjected these 
to a more rigid and more scientific investigation, we would 
perhaps get better results, and solve some of the problems which 
are now puzzling the engineer and the mill man very much. 

Wo. R. WeszsTER (by letter)—-The subject presented for 
discussion by Dr. Dudley is of such importance that I have pre- 
pared the following table, which gives the estimated ultimate 
tensile strength by the methods of Mr. Cunningham, Mr. Camp- 
bell and myself. The values are given for both acid and basic 
open-hearth steel, for each point of phosphorus, up to .o8 in- 
clusive, in connection with each five points of carbon from .o6 
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Nors.—Cunningham’s and Webster’s values are for either Acid or Basic Open-Hearth steel. 
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_ to .60 inclusive, and each five points of manganese from .20 Mr ‘Webster. 
to .60 inclusive. The original investigations from which these 
values are derived were made on rolled structural steel of ordi- 
nary thickness and under .35 carbon. It should be borne in 
mind that for all material over 3-8 in. in thickness, whether 
forged or rolled, a reduction in the estimated ultimate strength 
must be made. The amount of this correction for thickness 
increases as the thickness of the rolled or forged piece increases. 
This may be found to be greater for the higher carbon steels 
than for the lower carbon steels on which the original investiga- 
tion was based. 

Mr. Campbell stated in presenting his values that his formula 
is not expected to apply to steel containing over .35 carbon or 
special alloys, and ‘‘in steel containing from .30 to .50% of 
carbon, the walue of the metalloids is fully as great as with the 
lower steel, while the presence of silicon in such metal in pro- 
portions greater than .15% seems to enhance the strengthening 
effect of carbon.” 

I do not claim that the estimated ultimate strength of this. 
higher carbon steel will be as near the actual ultimate strength 
as in the case of lower carbon steel, but putting the values in 
this form will enable other investigators to construct new tables 


; with working values for both acid and basic steel of higher carbon. 
FE This table also shows that by Mr. Campbell’s values the 
estimated ultimate strength for acid steel of .35% carbon and 
‘ over are uniformly higher than the values for basic steel of the 


same composition. As the carbon increases this difference 

4 increases. 
Applying the values of this table to the upper and lower 
limits of carbon in Dr. Dudley’s specifications and the possible 
; variations in phosphorus and manganese, the results shown in 
the following table are obtained: 


CAMPBELL, 


i C. 1 Mes CUNNINGHAM, |— rere we WEBSTER 
.35 | .02 | .40 | 77 000 Ibs. | 82 730 Ibs | 76 180 Ibs. | 75 500 Ibs 
.35.| .07 | .60| 82000 “ | 87 180 83 130 | 85 300 
| 6c | 88 «e ce 8 00 ce 
.50 | .02 | 140 | 92 000 | z00 880 “| 90430 © 75 
Brandy | 60/97 000“ | 705330 | 97.380 O76oo wr 8 
Greatest differ-) 55 000 Ibs. | 22 600 lbs. Eee Ibs. | 21 800 lbs. 
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This shows a variation of 20 000 ibs. or over in the estimated 
ultimate strength by any of these methods, and a difference of 
29 150 tbs. between Mr. Campbell’s basic steel with .35% carbon 
and the lowest phosphorus and manganese, and his acid steel 
of .50% carbon and the highest phosphorus and manganese. 
These differences are more than double the differences referred 
to by Dr. Dudley; that is to say, from 10 000 tbs. to 15 000 tbs. 
would be accounted for by half the ‘permissible variation in the 
chemical requirements of his specifications. 

In the higher carbon steel the variations of finishing tem- 
perature in rolling or forging have more effect on the ultimate 
strength than in the lower carbon steels. 

It has never been advocated to substitute the estimated 
ultimate strengths for the tension tests or other physical tests. 
The chemical composition of the steel is only half the story, the 
other half is the change in the physical properties of the steel 
due to the mechanical work of rolling or forging and the heat 
treatment. That is to say, physical tests should always be made 
on the steel as it is put in service, and if the ultimate strength is 
of vital importance, tension tests should always be made. 

Other users of high carbon acid and basic open-hearth steel 
confirm Dr. Dudley’s statement, that acid steel gives higher 
ultimate strength for the same chemical composition than basic 
steel. 

CHARLES B. DupLey (by letter)—Since the meeting we 
have obtained the following tests of basic open-hearth steel, 
which are offered as a further contribution to our knowledge 
on this subject: 


Capone aerate a eee 0.344% 0.413% 0.525% 
Manganese ........ 0.310% 0.338% 0.317% 
Phosphoric se . 0.013% 0.019% 0.023% 
SiliConys ass ee eree 0.012% 0.013% 0.026% 
SEND MIS So oooceaene 0.014% 0.019% 0.020% 
Tensile strength..... 63 722lbs. 70875lbs. 77,998 lbs. 
lonca tone merrier 22.5% 21.1% Deseo 


The above results were obtained from a test of axle steels 
made in the open-hearth furnace by the basic process. There 
were three grades of steel, as is noted, there being eight axles of 
each grade. Each end of each axle was cut up into test pieces, two 


on 
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test pieces being taken from each end, making thirty-two test 
pieces in all; that is, the average above given is the average 
of thirty-two test pieces for each grade of steel. One-half the 
test pieces were taken from as near the circumference of the axle 
as possible, and the other half were taken so that the center of 
the test pieces was on a radius 40% of the distance from the 
centre to the circumference. The reduced section of the test 
piece was one inch diameter and the elongation was measured 
over eight inches. Two of the axles of each grade of steel had 
slices about an inch thick cut off after the eighteen inches 
required for test pieces had been taken, and from these slices 
borings were taken for analysis, the center of the drill taking the 
borings, starting in a prick punch mark on a radius 40% of the 
distance from the center to the circumference, as is required by 
the axle specifications of the Pennsylvania Railroad. The 
analysis given is the average of the figures given by these two 
lots of borings, each sample being analyzed separately. It will 
be noted that the actual figures obtained are quite widely dit- 
ferent from the figures given in what is apparently the basic 
steels in Mr. Webster’s table. It is evident that considerably 
more study is needed on this subject, and if our tests are to be 
relied upon at all, a revision of the factors used in calculating 
strengths of basic steel would seem to be in order. 

It has already been noticed several times in the above dis- 
cussion, especially by Mr. Campbell and Mr. Webster, that the 
heat treatment of the steel, and the amount of work done on 
it, have an influence on the physical properties. I would simply 
suggest that possibly a part of the wide discrepancy between 
the results which we have actually obtained, and the results 
which would be expected from the chemical composition, may 
be due to the fact that our test bars were cut out of axles, no 
heating or forging having been done on the steel in the prepara- 
tion of the test bars. Possibly the samples used by Mr. Web- 
ster, Mr. Campbell and others, in obtaining their factors, may 
have been differently treated, than was the steel in the axles 
which we have tested. 

H. V. Witz (by letter).—Our results at the Baldwin Loco- 
motive Works agree with Dr. Dudley’s in pointing to the fact 
that the same carbon in basic steel seems to result in a lower 


Mr. Dudley. 


Mr. Wille. 


Mr. Wille. 
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tensile strength than for acid steel. We gave this fact or theory 
a practical recognition in 1897 by lowering our tensile require- 


ments from 80 000 to 75 ooo tbs. We preferred to do this rather 


than to prescribe a high maximum carbon limit, because we also 
noticed that the higher carbon basic steels were more sensitive 
to any change in heat treatment than the lower carbon acid steel 
of the same tensile strength. In other words, the hardening 
effect did not vary with the tensile strength, but with the carbon 
content. 

Application of the various methods of calculating the tensile 
strength would lead to the conclusion that the lower tensile 
strength of the basic steel is not due to the fact that this steel 
contains less phosphorus than acid steel, in fact as our specifica- 
tions have a maximum phosphorus limit of .o5, there is not a 
marked difference between the amount of phosphorus in the 
acid and basic steels. 

I have taken at random from our records 400 tests of steel 
blooms equally divided between four manufacturers, two of 
which made acid and two basic steels, and from the analysis 
calculated the tensile strengths by the methods proposed by 
Messrs. Webster, Campbell and Cunningham. The averages 
of these results are shown in the following table: 


Actual. Webster. Campbell. Cunningham. 


iWeanmufact tienes, acide sss. wees 82636 88766 95929 89494 
Manufacturer Bacid’ ian em.en 4 87850 85630 93120 86270 
Manutacturer(C; basics 2... qe. 79971 85954 87490 87235 
ManutacturerD, basic.......... 78010 88920 90270 90760 


It will be noticed: 

First. That there is a much greater difference between the 
calculated and actual tensile strength in the basic than in the 
acid steels. 

Second. That the variations are not uniform. 

The results obtained by Mr.. Webster’s method of calcula- 
tions are nearest those actually obtained. In the acid steels, the 
calculated results are 2 100 tbs. high in one instance and 1 300 
tbs. low in another, but in the two makes of basic steel the results 
are about 6 ooo and 11 000 tbs. high. It is thus seen that the 
formula devised by Mr. Webster can be applied with considerable 
accuracy to acid steel, but it gives results much too high for 
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basic steel, and further demonstrates that there is a difference in Mr. Wille. 


the tensile strength of acid and basic steel of the same chemical 
composition. 

The question now arises, can this condition be due to the 
essential differences in the process of manufacture, that is, to 
the fact that the acid process is primarily a melting operation 
whereas the basic is a combined chemical and melting operation? 
If this were the case there would probably be less variation 
between the different makes of the steel made by the same 
process. The indications are that the variations will be found 
to be due to some other causes. It may be that the method of 
recarbonization may exercise a profound influence on the 
physical properties of the steel. I regret that I have not com- 
plete data as to the methods pursued by the four manufacturers, 
the tests of whose steel have been quoted, but it may be stated in 
general that the acid steel is recarbonized either by making addi- 
tions in the furnace or by running the bath to the carbon de- 
sired, whereas the carbon in the basic steel is added in the ladle. 


SINBIDIE, IRIDWIBYNS. 
By GAETANO LANZA. 


A considerable amount of investigation has been carried 
on in the engineering laboratories of the Massachusetts Insti- 
tute of Technology, having for its object, to determine the 
ultimate compression on the bearing surface, in the case of 
riveted joints made in mild steel plates, with wrought iron 
rivets, each joint containing at least three, four or five rivets. 

Inasmuch as steel rivets are coming to be very extensively 
used, it is plain that they should be included in any such inves- 
tigation. 

Before undertaking the more complex problem of the 
compression on the bearing surface, however, we need to know 
the quality of the steel used in making rivets, and to what 
extent the quality varies. 

A preliminary research, therefore, becomes necessary, in 
which we shall seek to ascertain the physical and other proper- 
ties of the steel rivet material now sold in the market, and those 
of the rivets themselves; and also how these properties compare 
with those of the wrought iron rivets that have heretofore been 
used; and how they compare with the standard specifications of 
this Society. It is the object of this paper to give an account 
of a partial investigation of these preliminary questions. 

A perusal of the extensive series of tests of riveted joints 
made at Watertown Arsenal, shows that the wrought iron rivet 
metal used in those tests had a tensile strength varying from 
about 52 000 to 59 coo pounds per square inch and a shearing 
strength, as shown by tests of wide joints, varying from about 
35 500 to 46000 pounds per square inch, with an average of 
about 39 ooo. 

On the other hand, the shearing strength per square inch, 
of the small number of steel rivets used in these Watertown 
Arsenal tests varied from about 51000 to 65000; and it is 
evident, therefore, that these steel rivets were made of a harder 
metal than would be tolerated at the present day. 
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In order to avoid any possible duplication of work already 
performed by others, a certain amount of correspondence was 
carried on with some gentlemen who, in the opinion of the 
writer, would probably know what had already been done; but, 
while more or less light was thus thrown upon certain side issues, 
the correspondence failed to elicit the information desired. 

Some preliminary correspondence was then carried on with 
three makers of steel rivets, viz: the American Iron and Steel 
Manufacturing Company, the Champion Rivet Company, and 
Messrs.Hoopes & Townsend, the object being to ascertain how 
many and what different grades of steel rivets were made by each 
one, and their standard sizes. 

After this information was received, ioe 
they were each asked to furnish as many *— 77 saci 
314 inch standard rivets as could be | 
made from two bars 12 to 15 feet long |: 
(preferably from the same bloom) of each 
of the following sizes: 7%’, 14”, 2”, 43”, 
4’ 1’, the last 20 to 24 inches of each 
bar being reserved as a test sample, the 
rivets made from each bar, with the test 
sample, to be put in separate bags, and 
shipped to us. Each firm was asked to 
omit any sizes for which they had not the 
dies. Fic. 

The rivets and rods having been 
received, the plan of the investigation was formulated as fol- 
lows, viz: 

1. The tensile properties of the rods were to be determined 
including (a) the tensile strength, (b) the limit of elasticity, 
(c) the modulus of elasticity, (d) the contraction of area at 
fracture, (e) the ultimate elongation in a gauged length of eight 
inches. 

2. Suitable bending tests. 

3. The determination of the chemical composition of the 
steel. 

4. The tensile strength of the rivets. 

5. The shearing strength of the rivets, as determined from 
tests of double shear joints with only one rivet in each joint. 
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6. The shearing strength of the rivets, as determined from 


tests of double shear joints with three, four or five rivets in each 
joint. 


Fic. 2. 
ae — 
Jor. A a 4. SG | D «.) ie 
| | | 
| 
‘ é ? 
Diameter of rivet...... eee He hed | HR” | y” 
1S Vel EA) aaah ee ara 2! a7 | ai” | 25” | 2 


7. To these were added, later, an examination of the 
microstructure of the steel. 

After a few of the rods had already been tested in the 
laboratory, the work was taken up and carried on by Migi. i 


Ireland, a student of the graduating class in Mechanical Engi- 
neering, for his thesis. 
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Most of the work performed under the headings 1, 5, 6 and 7 
was carried on by Mr. Ireland, No. 7, in the metallographical 
laboratory of the Institute, and the others in the laboratory of 
Applied Mechanics of the Institute; while No. 3 was performed > y 
by students of the Chemical Department under the direction ot 
of Professor Henry Fay. my 
Although the work indicated in the formulated plan has a 
not all been completed, the results thus far obtained seem to a 


me to be of sufficient interest to warrant their presentation in 
this paper. While only a few bending tests, and no tensile tests 
of the rivets themselves have been performed, the results of the 
other tests will be given in tabulated form after a brief explana- 
tion of the manner of conducting them. 
No. 1. These tests were made in the usual manner by means Pr 
of the testing machine of the laboratory, and require no descrip- 
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No. 4. The manner of holding the rivet for the purpose of 
determining its tensile strength is shown in Fig. 1, and need 
not be further described. 

No. 5. The form of joints used and of the holders are shown 
in Figs. 2 and 3. The joints were in each case so proportioned 
that the rivet should fail by shearing; care was taken also to 


make the compression on the bearing surface as small as possi- 
ble; it reached 95 000 in only one case and was generally below 
80 000. 

No. 6. Only two tests were made under this head, the joints 
tested being shown in Figs. 4 and 5, and the holders in Fig. 6; 
hence it is not fair to draw any conclusions from them. 

No. 7. For the metallographic work samples were taken 
from the unstrained ends of the rods. 


The tables of results follow: 
TaBLeE I.—TESTS ON RODS. 


Section. 

Inches. 

Lbs. Per Sq. In 

Lbs. Per Sq. In. 

Area at Frac- 
Per Cent. 

tion. Per Cent. 


ture. 


| Diameter of Rod. 
Original Area of 
Gauged Length. 
Ultimate Strength. 
Elastic Limit. 
Contraction of 
Ultimate Elonga- 
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In the light of these tests we may observe that— 
1. The rivet material furnished by all the three makers 
appears to conform to the specifications of this Society. 
oe 2. The shearing strength of the rivets, as determined from~ 
tests of joints with only one rivet, is, in general, nearly as great 
as the tensile strength of the rivet metal. 
3. How much lower the shearing strength is when deter- 
mined from the tests of wide joints cannot be inferred from only 
_ two tests. ei 
4. In the light of the chemical work thus far completed, I 
infer that the rivet material furnished was basic steel. 
va 5. Samples taken from the unstrained ends of the rods, and 


a 
_ examined under the microscope showed a granular structure. 


THE. ETHICS OF TESTING: 
By Paut KREUZPOINTNER. 


It may seem strange to connect ethics with the science of 
metallurgy and testing. However, since ethics enters into every 
action which we perform, as a matter of duty towards ourselves, 
our employers, fellow citizens or the state, it is unavoidable that 
the result of our daily work is being influenced by the higher or 
lower ethical standard of the man who is charged with the duty 
and confidence of testing materials of construction. 

Thus, the results of testing represent the sum total of skill, 
knowledge and intelligence of those performing the work, plus 
the degree of sense of duty, integrity, sincerity, honesty and 
reliability they possess, or in short, their standard of ethics. 
The work of devising specifications and testing the materials 
thus specified, are commercial transactions, and since moral 
conduct, that is, ethics, enters so largely into all commercial 
transactions, it is not too much to say that the science of conduct 
is first cousin to the science of applied metallurgy. 

The care exercised in testing is not only a matter of skill, 
but also a matter of good will, and the latter is purely an ethical 
function. Frequently we hear complaints of a prevailing low 
commercial spirit of individuals or concerns, as injurious to the 
reputation of community. On the other hand, communities are 
proud in the possession of citizens whose word can be trusted 
implicitly and whose high ethical standard is cited as an example 
worthy to be followed. And. it must ever be so, because civilized 
life could not be maintained, or order and confidence could not 
prevail, property would not be secure and obligations would not 
be fulfilled, if ethics were not an integral part of man’s daily and 
hourly action. 

Hence, in order that the work of devising specifications and 
the testing of materials of construction, have a reliable com- 
mercial value to both producer and consumer, we must follow 
faithfully the teachings of science, but in order to perform work 
faithfully, we must be able to command a high sense of duty, 
and a high sense of duty means a high ethical standard. This 
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ought to put the work of testing upon a higher plane than mere 
mechanical skill, and it is to be regretted that the factor of 
ethics receives so little recognition in estimating the commercial 
value of the man’s work who does the testing. 

In work requiring purely mechanical skill, the result can 
be measured by rule and compass, and these are tangible 
quantities. In testing, however, the results must be accepted 
in good faith, and the man’s integrity becomes a leading factor 
of the reliability of the work performed, because no one can 
measure or caliper the result. Thus, clearly, testing is largely a 
question of man’s ethics. However scientifically correct and 
commercially acceptable specifications may be, their intrinsic 
value to the consumer is largely determined by the degree of 
reliability with which the final work of testing is performed. 

Because of this factor of ethics playing such a prominent 
part in determining the commercial value of the science of 
testing, it is neither scientifically correct nor commercially 
judicious to consider the work of testing of low commercial 
value, to be performed by any man of average intelligence, who 
is willing to accept low pay. And, the closer the minimum and 
maximum limits of the specifications are drawn, the more com- 
plicated the work and method of testing is, the more this holds 
good. The properties and qualities of metals are not such fixed, 
unalterable quantities as not to be susceptible to a greater or less 
change, according to the will, knowledge or ignorance of the 
operator of the testing machine, or those in charge of testing, 
and therefore no amount of mechanical or automatic devices will 
make up for any possible absence of ethics from a testing room. 

The degree of the viscosity of a metal determines its value 
for a given purpose, and this very peculiar and very sensitive 
property of metals, the viscosity, is easily influenced by methods 
of preparation of test pieces, by shape of test section and manner 
of testing; hence, leaving out errors in measurements, in weigh- 
ing and in the machines, there is ample scope in testing for the 
application and infusion into the work of a large measure of 
ethics. There is another aspect of this question of national 
importance, if you please, and this is the degree of confidence 
our work of testing and devising specifications commands abroad 
now and in the future. 
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Our foreign competitors are very well versed in the prop- 
erties and qualities of materials of construction, and the way 
these properties and qualities are influenced by the proper or 
improper treatment of these materials, hence any shortcomings 
on our part, in the knowledge of the properties 'and qualities of 
materials, or mistaken application of that knowledge, will be 
quickly noted and treated accordingly, to our disadvantage. 
Hence, a proper blending of the science of metallurgy and the 
science of ethics assumes the dignity of a patriotic duty well 
performed. 
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STANDARD CEMENT SPECIFICATIONS. 
‘By R. W. Lzs.ey. 


Of the making of specifications, there is no end. This, at 
least, is the experience of the cement manufacturer, whose 
material, instead of being tested according to lines thoroughly 
well settled, as in the iron and steel business and tested at the 
place of manufacture, as is the practice in other businesses, is 
subjected to endless variations of tests, which are frequently 
made thousands of miles away from the point at which the goods 
are produced. The material tested is not the material that 
leaves the works, as its form and character are changed by 
making it into briquettes, test pieces, etc., neat and with sand, 
and it is subjected to all sorts of manipulations, so that the results 
obtained frequently vary materially from those made under 
similar conditions at the place of manufacture. Consequently, 
there is no industry worse off, for definite specifications, than 
the cement industry, and none has suffered more than that 
industry from the lack thereof. 

It is with pleasure, therefore, that I am here to address an 
Association the purpose of which is the standardizing of testing 
and methods of testing, and it is my pleasure in addressing it to 
state, in a very general and brief way, some of the disadvantages 
that the cement industry has labored under during the formative 
period of tests which has been going on in this country, and some 
of the many advantages that would accrue as well to the manu- 
facturer, the user, and the engineer and architect, by the adoption 
of standard methods and the correlation of different standards 
and specifications adopted by the various classes of engineers and 
consumers using the material. 

In my office, I have a large fireproof safe containing many 
volumes of filing cases, solely devoted to the embalming in fire- 
proof receptacles of specifications that have come to me at various 
times during my business career. These specifications are of all 
kinds and of all characters, mostly good, but some few bad and 
indifferent, containing elements of every imaginable description, 
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both as to the requirements and as to methods of handling the 
material in arriving at the requirements suggested. This is the 
mere literary side of cement specifications that I have in my office. 

The practical side of this business is at our laboratory, at 
our works. This laboratory, quite a large room, say, 20 x 20 
feet, a few years ago was entirely papered on its four walls with 
cement specifications. One wall was devoted to the specifica- 
tions of the army engineers of the United States Government, 
well considered, well thought out and well reasoned specifica- 
tions, all of them. Another side was almost covered with 
specifications of the United States navy engineers of the Bureau 
of Yards and Docks and other bureaus of the same department; 
all specifications thoroughly thought out, well planned, well con- 
ceived. At the other end of the room the pattern varied some- 
what, and there were gathered the requirements as to quality 
and the methods of manipulation of cement testing to be done 
by the various railroads of the country. They were more con- 
cise, more brief and more to the point, but all of them intelligent, 
able and well drawn. On the other side of the room, surrounding 
the door, were grouped a more general gathering of these interest- 
ing documents, and embraced what the city engineers all over the 
country and the engineers of large municipal works in the United 
States thought should be required of cement, and how it should 
be handled in arriving at these requirements. Needless to say, 
this series of patterns embraced a larger variety and covered a 
larger area of territory, and, like the others, represented careful, 
hard work, and well conceived and well balanced requirements. 

Individually, almost any one of the specifications on the 
four sides of that room, could be picked out at random, as a fair, 
reasonable specification of what Portland Cement should be. 
Almost any one of them could be used with advantage and with 
success and, with few exceptions, any one of them could be 
carefully scrutinized and nothing seriously ill-judged or unbal- 
anced could be found within its lines. 

It is a remarkable tribute to the engineering ability of our 
country that when all these specifications which covered the four 
sides of a room and running into the hundreds in number, are 
gone over carefully, that there are so few which will not stand 
the test of careful examination and scrutiny, and the conclusion 
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is to be clearly drawn from the facts above stated, that it is not 
so difficult for intelligent engineers to make a specification con- 
taining the proper requirements for fineness, tensile strain, time 
of setting, constancy of volume and specific gravity and for 
proper manipulation ‘of the several tests described. Yet with 
all these facts before us, it is actually possible that within a 
single year a single large cement establishment like our own 
receives no less than 100 to 150 different kinds of specifications, 
varying in most all their elements. 

Taking an assortment of specifications at random and in 
examining all of them to see just how they did vary, I find that 
taking the four great classes, the army, the navy, the railroads 
and the various cities, there were in some: 

Twenty-five specifications of various cities of the United 
States, 7 variations in the item of fineness alone, 14 variations 
in the requirements of tensile stress, and 6 variations out of 9 
requirements in reference to setting-time. In the specifications 
of the army, some 68 in number, I find some 14 variations in 
tensile stress, 11 variations in fineness, 7 variations in time of 
setting, and 4 in constancy of volume. In the specifications of 
the navy, some 7 in number, there were 3 variations in fineness, 
5 in tensile strength, with no variation in the time of setting. 
Among the railroads, of which 8 specifications were found, there 
were 5 variations in fineness, 5 variations in tensile stress and 3 
variations in the time of setting. 

As to tensile strength alone, the variations in this branch of 
testing are endless. It would be useless to take up the time of 
this meeting by discussing all the variations in this one element of 
testing as applied to neat and sand tests. It would only give a 
series of figures which would show how impossible it is for the 
manufacturer to regulate his product to meet all the requirements 
of the various specifications that are presented to him to bid upon. 

Analyzing, however, for purposes of illustration only, a 
single one of the tests referred to as the ‘hot test’’ or what is 
known as the boiling or accelerated test a remarkable state of 
affairs is shown : These tests first came in 1889, and were experi- 
mented on and recommended by Tetmajer, Maclay and others. 

They are described by Professor Baker, in the Brickbutlder 
for February, 1899, and also by Professor Gary in “‘ Proceedings 
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Royal Testing Station,”’ Berlin, 1899, and Professor Spalding“in 
his book on ‘‘ Hydraulic Cement,” page 189, and are: 


Warm water tests of Faija, roo° to 115° F. 
Hot water tests of Maclay, 195° to 200° F. 
Boiling water tests of Tetmajer, 212° and over. 
Kiln tests of Tetmajer, 166° to 248° F. 

Flame tests of Heintzel, Bunsen burner. 
Chloride of lime tests of Candlot. 

Boiling tests of Michaelis, 212° and over. 
Compressed cake tests of Prussing. 

High pressure steam tests of Erdmenger. 
Caliper apparatus of Baushinger. 


All these accelerated tests are in every way different from 
each other, hot water, steam, hot air flame and the heat of an 
oven all being used. No two agree in temperature of water or 
air, and few agree in form of specimen pat, time after gaging they 
are to stand the test, or time of duration of the accelerated test. 

So on the whole, taking the matter of accelerated tests in 
its entirety, there is no such well-defined uniform method pro- 
posed that like the other elements of cement testing, could be 
put in use by the ordinary tester with ordinary methods. 

From a mere recital of these tests, nearly all of which appear 
in some of the specifications offered to bid upon, it can be seen 
what a variety of elements is presented to the manufacturer. 
Eliminating all these various requirements of accelerated tests, 
except a single one, namely, the boiling or hot water test, and 
analyzing some 35 tests on this one element alone, gathered from 
200 to 300 American specifications, it can be seen what the manu- 
facturer has to meet. In every case pats or briquettes are re- 
quired to be made and submitted to this boiling or hot water test. 


Out of these 35: 
Ten go in water after 24 hours. 
Fourteen go in water after no specified time. 
Eleven go in water after setting. 
Out of these 35: 
Six go in steam for 3 hours. 
Fourteen go in hot water for no specified time. 
One goes in hot water for 3 hours. 
Two go in hot water for 30 minutes. 
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One goes in hot water from 24 to 36 hours. 
Eight go in hot water for 24 hours. 
One goes in hot water for 10 hours. 
Two go in hot water from 24 to 48 hours. 

Out of these 35: 

Twenty-one go in boiling water. 

Four go in water at a temperature of 212° F. 

Six go in water at a temperature of 176° F. 

One goes in water at a temperature of 170° F. 

One goes in water at a temperature of 100°. 

of these 35: 

Thirteen are to boil for a time not specified. 

Two are to boil 30 minutes. 

One is to boil 3 hours. 

One is to boil 24 to 36 hours. 

Three are to boil 24 to 48 hours. 

One is to boil 10 hours. 

Five are to boil 24 hours. 

One is to steam 3 hours, then to be placed in hot water 
48 hours and to boil 1 hour. 

One is to steam 3 hours, and to boil 48 hours. 

Four are to steam 3 hours and then to be placed in hot 
water 48 hours. 

Two are to be placed in hot water 176° F. for 24 hours. 

One is to be placed in hot water, rro° to 115° F., for 
24 hours. 


Ou 
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From this it can readily be seen that, from the manufac- 
turer’s standpoint, not only the pat, but the manufacturer him- 
self, is in “‘hot water’’ for all sorts of indefinite periods of time. 

Now, imagine for just one moment the manufacturer’s plight 
while trying to make a cement during the course of the short 
period in which these specifications were received, which would 
meet all these different requirements and conditions, and then 
you can see at a glance how important it is, not only that there 
should be a standardizing of methods, but that there should be 
a standardization of specifications. I am happy to say that two 
departments of our Government have already taken this step, 
and where one wall was formerly covered with the specifications 
of the United States army, that wall is a blank, with the single 
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exception of the specifications (see The Engineering Record of 
September 14 and 21, 1901) recommended by the Army Board, 
composed of Major W. L. Marshall, Major Smith L. Leach and 
Captain Spencer Cosby, and approved by the United States 
Engineer Corps. This shows the result of the good work of a 
very capable force of engineers. 

The other wall, formerly having as its decoration the pro- 
ductions of the engineers of the navy, is to-day practically a 
blank space, with a single ornament in its center, namely, the 
small frame containing the specifications of Rear Admiral M. T. 
Endicott, U. S. N., giving the requirements for all the work of 
the United States navy (see The Engineering Record of February 4, 
1899). These two Government specifications are not quite alike, 
but in many of their elements are at least within “ shooting range” 
and it is possible to meet them, without performing the gymnastic 
feats in manufacturing which were requisite to meet the require- 
ments of the many varieties of their predecessors on our walls. 

We still have with us the railroads and the municipalities. 
The railroads are taking a step in the same direction as these two 
branches of the Government, and while there are yet no specifi- 
cations formally adopted by all the railroads in this part of the 
country, the last convention of the American Railway Engineer- 
ing and Maintenance of Way Association adopted tentative 
specifications (see The Engineering Record of April 12, 1902) 
which represent much good work and are in the line of standard- 
ization in that department. 

The cities and commonwealths of the country, in the execu- 
tion of their large work, have not yet arrived at the standardiza- 
tion of specifications, but we have hopes that it will come next. 

Now what I want to make clear, after having gone through 
this underbrush of discussion, is that this Society of ours has 
within its hands a golden opportunity in the field of cement 
specifications. The army, the navy and the railroads have all 
gone forward in the proper lines and are practically committed to 
forms of specifications embracing requirements for the various 
elements and properties and for methods of manipulation giving 
reliable results by the respective tests suggested. The American 
Society of Civil Engineers has appointed a committee to deter- 
mine upon the proper manipulations of tests of cement, and this 
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committee, several of whose distinguished members are with us 
to-night, has been laboring with this subject for several years, 
and I understand will shortly report. 

Now our Society cannot, with loyalty to itself or regard for 
its fellow society and the engineers of the Government and the 
railroads, undertake to undo or criticize the work that these 
bodies have done. It cannot with propriety adopt new methods 
of manipulation while so distinguished a body as the American 
Society of Civil Engineers has this subject under consideration. 
It cannot of its own motion set up new standards and new 
requirements, while the army, the navy and the railroads have 
come to conclusions of their own on this subject. But this 
Society of ours, international in its features, can at a time when 
the export trade in this country in cement:is increasing at the 
tate of 500% a year, take steps in co-operation with army 
and navy engineers and the American Society of Civil Engi- 
neers, and in co-operation with scientific bodies abroad, to 
arrive at some method by which a correlation of the specifica- 
tions of this country and Europe may be reached and results 
obtained whereby cement manufactured at any point of the 
world may be tested under similar methods of manipulation and 
subjected to similar tests at any point where it may be delivered. 
This cannot be done by independent action, but it must be done 
by suggestive and persuasive action, and with the support and 
co-operation of the bodies who have preceded us in the field and 
have carried out independent investigations on their own lines. 
It can be best done by the organization, under the auspices of 
this body, of a cement section, which shall have among its mem- 
bership representative engineers of the principal consumers of 
cement, distinguished testing engineers representative of the 
various well-known testing laboratories, and also representatives 
of the leading manufacturers. Such a section, comprising in 
itself representatives of the consumer, the producer and the 


inspecting engineer, would soon arrive at proper methods for 


the accomplishment of the object and the work would redound 
to the credit of all concerned, as well as to the Society of which 
they are members. 


Notre.—The joint discussion of this paper and the succeeding one on 
“ The Advantages of Uniformity in Specifications for Cement and Methods 
of Testing,’ by George S. Webster, follows on pp. 133-138. 


THE ADVANTAGES OF UNIFORMITY IN SPECIFICA- 
TIONS FOR CEMENT AND METHODS OF TESTING. 


By GEorGE S. WEBSTER. 


The attainment of a Standard Specification is greatly desired 
by all those called upon to use cement in works of construction; 
indeed, this matter is of such importance to the manufacturer 
and consumer that both are concentrating their efforts in endeav- 
oring to accomplish this result. 

Mr. Lesley has given us much interesting information in 
regard to the great variations existing at the present time in speci- 
fications for cement, these variations not only arising from differ- 
ences of opinion between experts as to what constitutes good 
material, and from different methods of testing, but also arising in 
many instances from lack of knowledge or from inexperience. 
Some of the specifications call for high strength, others for low; 
some require quick and others slow setting; many require a finely 
ground product, to be slow setting, and to be low in sulphuric 
acid, which is difficult and often impossible to produce; others 
introduce chemical qualifications, which, if not submitted to an 
expert for approval, often impose very unnecessary restrictions 
on the manufacturer. 

The difficulties under which the manufacturer labors are 
evident. His material must satisfy all of the specifications of 
his different contracts, and a single product can scarcely be 
controlled by subsequent treatment to meet these different 
requirements. 

The advantages of uniform specifications to a manu- 
facturer would be great. Instead of being obliged to meet 
irrational and sometimes impossible specifications, requiring a 
great variety of grades of material, he would be required to 
produce only one, or possibly two, grades, one quick and one 
slow setting. His work would be greatly simplified, which would 
not only reduce the probability of producing inferior material, 
but also tend to reduce the cost of production. 

The advantages of uniformity in specifications, moreover, 
are by no means entirely in favor of the manufacturer. The 
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material supplied under a uniform specification would neces- 
sarily result in a production having more uniform properties and 
qualities. This material would be ground to a certain fineness, 
have a definite specific gravity, and develop a strength with less 
range of variation, when treated under definite conditions. 
Thus the consumer could depend upon the quality of his material 
better than he does now, and would consequently be able to use 
it more understandingly, by adopting more efficient methods of 
manipulation and more economical designs. He would also be 
able to establish the fact when failures in mortar and concrete 
occur from poor workmanship and improper manipulation of the 
materials, rather than from the inferior quality of the cement, 
and he would apply such remedies as would secure more durable 
and permanent structures. The investigation of cement in any 
one branch of construction would have a definite bearing on all 
cement construction and could be utilized in every line, whereas 
now they excite interest only in a general way. 

Again, the consumer would not only save money through 
economies in manipulation and design, but his material would 
actually cost less, due to the reduction in cost to the manu- 
facturer, resulting from the production of a standard article. 
The small consumer, also, not having sufficient appliances for 
accurate testing, would be more sure of the character of his 
material. Under the present system he is liable to get all the 
inferior products of the mill and the shipments which have been 
condemned on more important work: 


Metuops oF TESTING. 


Every one connected with a laboratory for testing cement , 
knows the great influence which details of seemingly minor 
importance exert upon the results. In the preceding part of 
this paper, it has been assumed that uniformity in specifications 
is equivalent to uniformity in the material itself, but this 
evidently would not be the case unless the specifications were 
based upon a standard method of testing. For instance, one 
laboratory might obtain a certain value on a seven day sand 
test. and another might obtain a much greater value on exactly 
the same material. Therefore if the uniform specification called 
for a value intermediate between the two, the first laboratory 
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would require a highef testing cement than the second, even 
should their requirements be identical. In order for a uniform 
specification, therefore, to have any practical value, it must be 
based on a standard method of testing. 

The principal reason that tests of cement show such varia- 
tions in the results obtained by different operators, is that it is 
one of the few materials that is not tested entirely in the form in 
which it is manufactured and sold. Bars of iron and steel, 
bricks and wood, are tested not only in the form in which they 
are to be used, but also in the form in which they are produced 
and sold. Cement, on the contrary, is made in one form, tested 
in a second, and used in a third form. 

The tests of cement may be divided into two classes: First, 
those which can be made with comparative accuracy; and second, 
those which are only relative, owing to the great influence which 
personal equation has upon the results. 

The first class of tests are those made on the material as it 
is manufactured and sold, 7. e., specific gravity, fineness and 
chemical analysis. The second class includes those tests which 
are made on the material after it has been subjected to certain 
processes, and combined with other elements, and hence exists 
in a different form from that in which it was produced, 7. e., time 
of setting, tensile and compressive strength, and soundness. 

The first class of tests are capable of standardization, pro- 
viding the apparatus and materials used are made and handled 
with precision. The second class, on the other hand, are subject 
not only to variations in the material itself, but also to variations 
in the other elements used with this material, and to variations 
in the processes employed in combining them. 

On account of the difficulty of procuring suitable apparatus 
for making tests, and of manipulating it with exactness, varia- 
tions will be found to some extent to affect all tests. 

The determination of specific gravity is probably less subject 
to variations due to differences in method, where reasonable 
care is exercised in its manipulation. 

The test of fineness, on the other hand, is subject to varia- 
tions on account of the difficulty of procuring standard sieves 
and of manipulating them with precision? 

Chemical analyses are also subject to similar irregularities. 
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In the tests made on pastes of cement, the inaccuracies of 
manipulation enter with double force, on account of the intro- 
duction of other elements, and of the greater influence of the 
personal equation. 

On account of these many possible sources of error, there- 
fore, it is evident that every detail of manipulation, and every 
piece of apparatus used must be prescribed exactly, thus 
standardizing the methods of testing, if it is desired to adopta 
uniform specification. 

This, however, would not be the only advantage gained by 
the introduction of uniformity in methods. Even if there were 
no thought of adopting a standard specification, a standard 
method of testing would still be decidedly beneficial, in that it 
would place all results obtained on any material, in any place, 
on exactly the same basis. Under the present system, the 
results of tests in one laboratory are of little practical value to 
another. If, however, these results all had the same basis, they 
would have a direct bearing on, and be strictly comparable with 
the results obtained elsewhere, which would vastly increase our 
knowledge of the behavior of the material, and also render 
unnecessary a great amount of duplication of investigations. 

For instance, a laboratory might make an apparently 
exhaustive series of tests investigating some property of cement. 
These tests might be repeated by a second laboratory, using 
different methods and probably obtaining results seemingly 
contradictory, thus leaving every one confused as to the indi- 
cations of the tests, whereas if standard methods had been used, 
the results would be much more likely to have been corroborative. 

Standardization of methods, therefore, would have the 
great advantage of placing on a common basis all results, either 
of routine work, or of experimental investigations. 

Another benefit also would be the doing away with the 
constant source of friction between manufacturer and consumer 
in regard to the results of tests. The manufacturer’s laboratory 
may use a method giving high results, and the consumer’s 
laboratory may yield lower values; both, however, being 
accurate as regards their respective method. The manufacturer, 
not always realizing that the consumer’s specifications are based 
on the results of his own laboratory, and not of the manufac- 
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turer’s, is constantly endeavoring to show that the failure to 
meet the requirements is due to the consumer’s methods. This 
is a comparatively unimportant. matter, but it helps to show the 
many annoyances that could be obviated by standardization. 

The American Society of Civil Engineers, through the report 

of its Committee in 1885, was among the first to inaugurate a set 
of rules for the Uniform Testing of Cement. While these rules 
served their purpose in an excellent manner for a number of 
years, they fail to entirely meet the requirements of to-day. 
This has resulted from several causes, among which may be 
mentioned—first, improved methods of manufacture; second, 
increase in knowledge of testing and better acquaintance with 
the properties of cement; third, the demand for greater accuracy 
and the more rigorous requirements in specifications; fourth, the 
increasing importance and magnitude-of the works of construc- 
tion in which cement is used as the principal material. 

In recognition of these facts, the Society has recently 
appointed a Committee to report methods for the Uniform Tests 
of Cement. In carrying out these instructions the Committee is 
confronted with the difficulties attending the selection of stand- 
‘aed methods by which uniform and comparable results may be 
obtained. Any one engaged in the testing of cements must 
necessarily encounter the same difficulties and must realize that 
the basis of a standard specification is a system of testing which 
will give uniformity in results. This fact cannot be too strongly 
emphasized. It would therefore appear logical that the first 
efforts should be directed towards securing uniformity in methods 
of testing; then the formulation of a uniform specification would 
naturally follow. 


DISCUSSION.* 


W. A. AikeN.—During the past two years I have had Mr. Aiken. 


occasion to go very intimately into the matter of testing cement 
in connection with my official duties as General Inspector of 
Material with the Board of Rapid Transit Railroad Commission- 
ers City of New York. Long before that I had a great deal to 
do with cement in field work, making such tests as are possible 
under such conditions, but the organization necessary for the 
thorough inspection of a large quantity of cement, such as was 
called for on our New York contract, gave me the opportunity 
I had long desired to try to put into practice certain theories 
which are in agreement with what has been said by the preceding 
speakers, that it is absolutely necessary in a thorough system 
of testing to observe strict uniformity in the methods at 
all times. With this idea, I organized a system of testing on 
our Rapid Transit work, having in view the avoidance 7 toto of 
what is everybody’s bugbear in testing cement—the “‘personal 
equation.’”’ I think I have succeeded in this to a great extent 
by having each set of briquettes, neat or mortar, for each lot of 
cement made by one man; the tests made by another man, and 
the records kept and reports made by a third man, each man 
doing the same kind of work all the time. 

As to sampling, our practice is to take a series of samples 
as the cement is ground into the bins, at approximately equal 
intervals of time or depth. Ten samples are taken from ten 
layers and made into neat and mortar briquettes. The former 
are tested after 24 hours, 7 days and 28 days; the latter after 
7 days and 28 days. Besides a series of briquettes is made from 
a mixture of all the samples, which must give approximately 
the same results as the individual samples. These results are 
checked afterwards on briquettes made from an average of the 
bin as the cement is bagged and loaded into cars. Iam satisfied 
that in this way we get representative values of all the cement 
sampled at the works of the American Cement Company. 

* Joint discussion of the two preceding papers, viz: ‘Standard Cement Specifica- 


tions,” by R. W. Lesley,and ‘‘The Advantages of Uniformity in Specifications for Cement, 
and Methods of Testing,’’ by George S. Webster. 
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The agreement of results may be judged from the following 
data: From each bin of about 1 4oo barrels, 30 briquettes are 
made (three from each of the ten layer samples of the bin) for 
each period of 24 hours, 7 days and 28 days for the neat, and 
7 days and 28 days for the mortar, as well as three for each 
period from a mixture of all the samples. For 594 briquettes 
made from the sample average or mixture, representing about 
230 000 barrels, the average result at the age of 24 hours was 
291 tbs., whereas the average of 6 030 layer-sample briquettes 
was 302—a difference of 11 ths. For 630 briquettes of the 
mixture at 7 days, the average result was 640 fbs., while the 
average for a corresponding number of briquettes at the same 
period from the layer samples was 672 tbs. At 28 days the 
mixture gave an average of 764 ibs., the layer samples 794 ibs. 
The percentage of variation between the gain from 7 to 28 
days—a very important element in our work—as shown by the 
average of the layer samples and of the mixture was less than 1%. 

In connection with the mortar tests, an equally if not more 
important matter, the variations were much smaller, the mixture 
giving at 7 days 386 tbs., while the average for 6 ooo layer-sample 
briquettes at the same period was 391 fbs.—a difference of only 
5 tbs. Equally good results were obtained at later periods. 
Thus the percentage of gain from 7 days to 6 months did not 
differ more than about 1% between the mixture and the average 
of the layer samples. I feel absolutely sure, therefore, that we 
obtained a representative average of all the materials and the 
results obtained emphasize the importance of uniformity of 
method in testing cement. 

W. P. Taytor.—In regard to uniformity of results, I may 
say that we tested almost 25 000 briquettes last year in the 
laboratory of the city of Philadelphia, and we found the probable 
error of each briquette to be about 7% to 8% of the mean value. 
I think that with the ordinary methods of manipulation it is 
almost impossible to secure a greater degree of accuracy than 
that. Our ordinary test is based on the mean value obtained 
from two briquettes, and their individual variation from the 
mean seldom exceeds 10%. There has recently been considerable 
discussion as to whether the highest value obtained from a series 
of briquettes or the mean value should be taken. I believe that 
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the mean value should always be taken, for the reason that the 
value wanted is not the greatest strength that a cement can 
attain; but the strength that it can attain under the conditions 
under which it is tested. The Army specifications stipulate 
that the highest value obtained from briquettes of the same 
molding shall determine the strength of the cement. What we 
want, however, is not the greatest strength that can be obtained, 
but the average strength under specified conditions. 

In the Philadelphia Laboratory we have done our utmost to 
standardize each test. We have the briquettes made regularly 
by one operator; broken by another; the setting tests made by 
a third; the analyses by a fourth; the collecting by a fifth, etc. 
We not only have one man trained for each test, but we have 
men trained to fill other men’s places if anything should happen. 
Each operator is expected to obtain results that are practically 
uniform. 

Rosert Jos.—In view of the number of specifications that 
have been cited to-night, I should like to ask, what is regarded 
as the most satisfactory test for soundness? 

Mr. LestEy.—The answer to that would be, that in Ger- 
many, where for over ten years a commission has been making 
experiments on accelerated tests, the results show that the 
samples which have endured the ordinary cold water and air 
tests have endured all the tests of time. These experiments 
which have been going on for over ten years as stated, covering 
all the hot tests described in my paper, conclusively show that 
the cements which did not stand these hot tests, did stand the 
tests in work, in salt water, in air and under every other con- 
dition, indicating as to the value of the hot water, boiling and 
other accelerated tests simply that they were accelerated 
tests, and that the test pieces did boil. In other words, if a 
man were going to plug a boiler to be used under steam pressure, 
it would be very important to have a cement that boiled to 
plug it with; but outside of that to determine the soundness of 
a cement for the general uses to which cement is commonly 
applied, the general opinion was that the accelerated tests did 
not show anything, and amounted to practically nothing. 

R. L. Humpurey.—Concerning the matter of standard 
specifications, I desire to state that, in my opinion, the difficulty 
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lies, not in the establishment of individual specifications, based 
on the uniform methods in vogue in the particular laboratory 
for which they are made, but in the correlation of these indi- 
vidual specifications of which Mr. Lesley has spoken. The diff- 
culty lies in evolving a specification from a mass of individual 
specifications that will be standard and adaptable as a substitute 
for each individual specification. 

The reason for the wide differences in the requirements of 
specifications is that each laboratory uses different methods for 
making the various tests. These methods, while they do not 
always differ radically from each other, differ sufficiently to 
produce a wide range in the results obtained. 

As an example may be cited the 1885 rules of the American 
Society of Civil Engineers, which requires the cement to be 
molded into a ‘‘stiff plastic paste” without giving a definition 
of what constitutes a ‘‘stiff plastic paste’’ or proposing a method 
for obtaining such a paste. It is not possible for any two 
persons, without previous consultation, to mold a cement 
into a“‘stiff plastic paste’? with identical or even approxi- 
mately uniform results. Yet this plastic paste or consistency 
vitally affects the results of the tests for strength—tests on whose 
results is almost universally based the acceptance or rejection of 
a cement. 

What applies to consistency applies to a greater or less 
extent to every other detail in connection with the methods for 
testing. It becomes, therefore, very important to secure a 
system under which uniform tests can be obtained; by such a 
system it should be possible for a person residing in San Fran- 
cisco, after reading a description of the methods to be used, to 
have as correct an idea of what is required and to secure as 
uniform results as a person residing in the East, and their results 
should be comparable. This is the difficulty which confronts 
every one who tests cement at the present time. 

I believe unquestionably that a standard specification is 
highly desirable, but I believe -that such a specification will 
logically follow the adoption of uniform methods for making the 
tests. 

Attention is directed to the fact that, in the instances cited 
by Mr. Lesley of the standard specifications which have been 
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adopted by different bodies of engineers, the specifications have Mr.Humphrey 


been accompanied by a description of the methods to be used. 
It is the question of securing uniform methods for making the 
tests, on which we should concentrate our best thoughts and 
which is the first and most important step towards securing a 
standard specification. 

While the ‘“‘boiling test’’ has been severely condemned, and 
justly so, at the same time we should not overlook the fact that 
it fills a very important need as a test for soundness. It is 
immaterial what strength a cement develops—if it does not 
maintain that strength, it is of no value. 

The test which obtains the greatest endorsement as a test 
for soundness is the “cold water test.” Evidences of unsound- 
ness may develop in this test at the end of several years, or if 
the cement be of exceedingly bad quality, at the end of several 
months. But even at this shorter period, the time is too long 
to be of service to the American engineer. 

The “boiling water,” “‘hot water’ or ‘‘steam’”’ test seems 
to be the best quick test that is available. This test has unques- 
tionably been abused, as Mr. Lesley has pointed out, and it is 
also true that it is not a safe test in the hands of the inexperi- 
enced, inasmuch as false conclusions are liable to be drawn, 
whereas failure may be due solely to faulty methods or 
manipulations. In the hands of the expert—and only experts 
should test cement—it often furnishes information of great value, 
and while the failure to pass the test should not necessarily 
condemn a cement, at the same time it should be sufficient cause 
to hold the cement to await the results of further examination} 
On the other hand, the fact that the cement has passed the test 
should not be taken as an indication that the cement is neces- 
sarily good. 

Of all the tests to which cement is subjected, no single test 
can be taken as infallible, and the engineer guided by a broad 
experience, should determine, after a consideration of the results 
of all the tests, whether the cement does or does not fulfill the 
requirements of his specification. 

There is great need of a quick test for soundness or con- 
stancy of volume. I am not prepared to say that a “hot 
water” or “‘boiling test”’ should be unqualifiedly adopted, but 


on test for soundness or constancy of volume, a test aa whic : 
it is possible to determine whether there are elements in a cement — 
which will eventually cause it to lose its strength and durability, 

is by far the most important that can be applied, and one that 

cannot be too fully discussed. It is to be hoped that some form — 
of accelerated test for soundness will be devised which te bes 
entirely SO ‘ 
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THE CHEMICAL ANALYSIS OF PORTLAND CEMENT: 
‘ITS POSSIBILITIES AND ITS LIMITATIONS. 


By Ricuarp K, MrEApE? 


The value of chemical analysis of Portland Cement is 
becoming more and more appreciated each year. ‘This is due 
to the fact that the chemical nature of cement is being better 
understood. Certain compounds are recognized as possessed of 
certain good or bad influences. In the days when cement 
mixture was made upon the result of the trial kiln it was natural 
that little faith should be put in chemical analysis, while now 
that well equipped chemical laboratories are as much a part of 
the Portland Cement plant as the kilns or the grinding 
machinery, more importance is being put in chemical analysis. 

It is still a very common error to suppose that because 
chemical analysis is not an absolute guide as to the fitness of 
cement that it is no guide at all. It is true that the results are 
in themselves alone no certain indication of the quality of cement, 
yet coupled with the usual physical tests, they are invaluable, 
not only as a check upon the physical report, but also as a line 
on how we may expect the cement to behave on use. 

Indeed, certain engineers are now giving great prominence 
in their specifications to the results of chemical analysis. When 
important engineering work is to be done, no method should be 
scorned which will give us any data upon which to base our 
opinion on the fitness of the cement to be used. No expert upon 
water supply would recommend or condemn any, save a very 
decidedly good or bad water, upon the result of a sanitary 
analysis only, yet no such expert would pass an opinion without 
having one made at all. Just as the sanitary expert compares 
his analysis with the topography of the land and studies the 
sources of contamination and the causes which tend to make 
each item high or low, so must the cement expert balance one 
item against another, and form his estimate on the whole, not 
from a single point. Of course, this does not apply to cements 
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in which inagnesia or sulphur trioxide exceeds the limits or in 
which the lime is markedly too high or too low. These can in 
most cases be condenined on this one count. 

Cements are usually analyzed for the following constituents: 
Silica, Iron, Alumina, Lime, Magnesia, Sulphur Trioxide, Carbon 
Dioxide, and Water. These last two are ordinarily determined 
together and called loss on ignition. The variation in the per- 
centage of any one of these elements is confined between narrow 
limits. Ina table of over 100 analyses compiled by the writer, 
comprising some 30 or more brands of American, English and 
German Portland Cements known to be of high quality, the 
limits of variation were as follows: 


SGA See navbar sn eyseed cos euce een aes ed per onemeg ee 20.95 to 23.48 
PUhsbocthay- Mae ein Mo coe Sec aca Cee coe 5-51 to 9.74 
ERIC O RIGO mic bis eters ets hacen te leas 2.28tO 4.95 
Tetris Wecstcts, ores ete Stone te co tance ote a rae rae ae 58.93 to 65.59 
Ma SireSiay th toawte certs lene oh caihe tare Or eroese dooce 0.90 to 3.18 


To find that the composition of a cement lies within these 
limits does not assure us that the cement is all right, because the 
hydraulic properties depend also upon the thoroughness and the 
way in which these elements are combined. If, however, a 
cement mixture is incorrectly proportioned, no amount of 
burning can make it a first-class cement. 

The Silica, Alumina, Lime, Magnesia, etc., are combined to 
form three classes of compounds: , 

1. Compounds having hydraulic properties, such as the 
trisilicate and dialuininate of lime. 

2. Compounds modifying the setting and hardening of 
cement either for good or bad, such as free lime, magnesia and 
calcium sulphate. 

3. Inert compounds, such as uncombined clay, sand, calcium 
carbonate, etc. 

Since we know of no compounds which absolutely modify 
the properties of cement for the good, the ideal cement would 
consist only of compounds in class 1, viz, it would be all tri- 
silicate and dialuminate of lime. The compounds in classes 
2 and 3 should not aggregate more than 10% of good cement. 
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Chemical analysis will show us per se if such deleterious 
compounds as magnesia, calcium sulphate or sulphide are present 
in sufficient quantities to injure the cement. 

The analysis will also show if the cement is of normal com- 
position. Even if the magnesia, etc., are under the limits, 
cements with abnormal proportions of the chief constituents, 
unless wanted for some special purposes, are to be looked upon 
with disfavor. Chemical analysis will also let us calculate by 
the use of the ‘‘Hydraulic Index”’ if the lime limit has been 
exceeded or if the percentage of lime is far under this. The 
analysis can be made to show the percentage of uncombined 
clay, sand, and calcium carbonate, and can be made to serve as 
a check upon the burning, and also upon the care with which the 
mixing and grinding were done. 

The experiments of Le Chatelier, Dr. Newberry and others 
have established the hydraulic properties of Portland Cement to 
be dependent upon the presence of certain silicates, aluminates 
and ferrites of lime. Newberry and Le Chatelier both give the 
formula 3CaO, SiO, to the most important of these compounds, 
the tricalcium silicate. Assuming that this formula is correct 
it will be seen that the silica and lime in the compound are in the 
ratio of 1 to 2.8. The aluminate of lime has the formula 
2CaO, Al,O,, according to Newberry, and 3Ca0O, Al,O, according 
to Le Chatelier. The first of these formulas is more probably 
correct, as it agrees closely with the best practice. Taking this 
as the formula for the aluminate of lime, it will be seen that the 

‘alumina and lime bear the ratio of rto1.1. From this, Newberry 
deducted the following ‘“‘ Hydraulic Index” or ratio between the 
lime, the basic element and the silica and alumina the acid ones. 


Per cent. Lime = per cent. Silica X 2.8= percent. Alumina X 1.1. 


Most well-known Portland Cements are made from a mixture 
of cement rock and limestone, or of clay and marl, the composi- 
tion of which is practically that shown by Newberry’s formula. 
That they do not agree exactly is due to the fact that the formula 
represents the maximum of lime which will combine with the 
silica and alumina. 

This maximum is seldom attempted by any cement maker 
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because of the danger of an excess ‘of free lime in the cement. 
In order to get the silica, alumina and lime to combine it is 
necessary to grind and mix the raw materials very thoroughly 
and burn until the lime is all combined. If the grinding is not 
fine enough, the mixing not intimate enough and the burning 
insufficient, some of the lime will remain free or uncombined and 
cause the cement to crack and expand in hardening. 

If cement were simply the cement mixture with the carbon 
dioxide and water driven off, and the lime silica and alumina 
properly combined, the analysis of many samples would show 
go to 95% of the lime called for by Newberry’s formula. Unfor- 
tunately, cement as it comes on the market is unavoidably 
adulterated by the ash of the fuel used in burning and by the 
1 or 2% of calcium sulphate generally added to slow its setting. 
The ash, as it is almost entirely silica and alumina, tends to 
make the lime appear too low and the cement over-clayed. The 
addition of the gypsum, if reported as lime and sulphur trioxide, 
tends to make the lime too high. These two causes act against 
each other, but still leave a balance in favor of the acid elements 
silica and alumina. Unfortunately for chemical analysis, there 
is no good method for differentiating between the free lime and 
that combined to form hydraulic compounds. The pat test only 
fixes a limit. This limit is probably as high as 2.5%, and in 
certain cements even higher than this. In some work done by 
the writer, consisting in adding small increasing quantities of 
lime to cement, the free lime in which had been saturated by 
carbon dioxide the checking began at about 2.0% and became 
marked at 2.5%. With the introduction of a method for accu- 
rately quantitatively determining free lime, chemical analysis 
will take first place as a method of ascertaining the value of 
cement. 

The nearer the cement comes to having the maximum per- 
centage of lime allowed by Newberry’s formula, without showing 
free lime or under-burning by the pat and needle tests, the 
stronger the cement will be. If, on the other hand, the per- 
centage of lime is considerably below the limit, the cement 
contains a large percentage of inert material, 7. e., uncombined 
clay, sand, etc., because the lime was insufficient to convert all 
the clay to silicate and aluminate of lime. For safety’s sake, 
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cement always contains a small excess of uncombined clay or 
sand. ‘This is shown by the percentage of silica found by fusion 
with sodium carbonate (or evaporation of the residue insoluble 
in hydrochloric acid with hydrofluoric acid) differing from that 
found by simple solution in dilute hydrochloric acid. 

By a little modification we can easily make Newberry’s 
formula show the minimum of lime which should be present in a 
good cement. Using approximate, conservative figures, it takes 
about 40% of the weight of the clinker of fuel to burn the 
former. About 10% of this coal is ash, 75% of the ash is silica 
and 25% is Alumina. This would make the fuel ash add 3% 
silica and 1% alumina to that already in the clinker. The 
per cent. sulphur trioxide multiplied by 0.7 will give the lime 
added by the gypsum. Making these corrections and assuming 
that the maker should be able to carry in his mixture 95% of 
the lime called for by Newberry’s formula, we have: 


Per cent. Lime > [(per cent. Silica — 3) 2.8 + (per cent. Alumina —1r) 
r.1.].95 + per cent. Sulphur trioxide X 0.7 
or 


Per cent. Lime > (per cent. Silica — 3) 2.7 + (per cent. Alumina — 1) 
X 1.0 + percent. Sulphur trioxide X 0.7 


No really first-class cement will fall below this minimum 
limit. 

It will be seen that while Newberry’s formula fixes the 
limits of the percentage of lime for a cement, the percentages of 
silica and alumina may vary. The properties of the compounds 
themselves, however, regulate the proportions of each, for the 
trisilicate of lime gives the hardening powers to cement, while 
the rate of setting is supposed to be controlled by the dialumi- 
nate of lime. Portland Cement usually contains from 7 to 12% 
iron oxide and alumina together. As the percentage of alumina 
increases in a cement, other things being equal, it becomes more 
and more quick setting, and on the other hand, as the silica 
increases under similar conditions its set becomes slower, but it 
will ultimately develop greater hardness. 

Iron oxide is supposed to have similar hydraulic properties 
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to alumina. Aside from this it has a decided effect upon the 
color of the cement. Probably if present in the ferrous state, its 
action is deleterious and it also points to adulteration of the 
cement with blast furnace slag, or to cement burned with a 
strongly reducing flame. In cements made by the rotary pro- 
cess, examined by the writer, the ferrous iron present was under 
O27;. 

The chemical analysis gives us a splendid insight into the 
care and skill with which the cement has been manufactured. 
For example, suppose that a cement contains a normal percentage 
of alumina and yet sets very rapidly. Then the cement is under- 
burned or the raw materials were poorly mixed. These latter 
causes tend to make cement quick setting. On the other hand, 
if the cement sets very slowly, and does not contain an excess of 
calcium sulphate, then it may be diagnosed as over-burned. 
Again, if the cement is proportioned correctly, according to the 
formula given, and yet shows free lime when tested by the pat 
test, the raw materials were probably poorly mixed, not ground 
fine enough, or the burning was insufficient. 

Manufacturers are more prone to sin on the side of under- 
burning than of over-burning, since over-burned clinker is a very 
hard substance to grind, while under-burned clinker is much 
easier. Probably the separate determination of carbon dioxide 
and of water in cement would also aid very materially in getting 
a line on the burning, as well as explaining many of the freaks of 
setting so often met with. Fresh under-burned cement will show 
high loss on ignition. This loss is entirely carbon dioxide. On 
the other hand, cement which has stood some time and has a 
high loss on ignition due to saturated free lime, usually shows as 
much water as carbon dioxide. 

Another test which gives us a good indication of the burning 
is the difference between the silica by solution in hydrochloric 
acid and that by fusion with sodium carbonate, since the tri- 
silicate and diaiuminate of lime are entirely soluble in hydro- 
chloric acid. A simpler way of applying the test is merely to 
note the residue left on evaporation of the insoluble matter with 
hydrofluoric acid. This residue in a well-made cement should not 
exceed 0.3%, 
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In valuing cement ! would suggest that the chemical analysis 
_ conform to the following limits: 
= — 
~ Per cent. Silica 20 to 23. 
Per cent. Alumina 6 to 12. : 
Per cent. Lime < per cent. Silica X 2.8 + percent. Alumina X 1.1. 
. Per cent. Lime > (percent. Silica — 3) X 2.7 + (per cent. Alumina 
=r) X 1.0 + percent. Sulphur trioxide X 0.7. 
, Per cent. Magnesia < 34 or even 3. 
Per cent. Sulphur trioxide < 2 even 14. 
It should be borne in mind, however, that a change in our 
knowledge of how to make cement may narrow at any time these 
limits, more especially with regard to the minimum of lime and 
also of the silica, which is made unnecessarily high by contamina- 


tion with the fuel ash. 


Mr. Richardson 


DISCUSSION. 


CLIFFORD RICHARDSON.—Mr. Meade has introduced a very 
interesting subject, one with which I have been more or less 
intimately connected for a number of years. It seems to me 
that physical tests will be the ones upon which the engineer will 
depend in a very large majority of cases, now and in the future, 
on account of the difficulty of ordinarily going into the matter 
of complete analysis of the material; unless it be the study of a 
new brand, or some particular samples. He may determine the 
amount of sulphuric acid and that of magnesia; but after he has 
determined that in any one brand, I think he will be so well 
assured that there will be little change in this brand in the imme- 
diate future he will not continue to do so. An analysis of any 
new brand of cement is, of course, a very important thing before 
one should attempt to use a large amount of it. Such an 
analysis may show one of two things (granted that the cement 
is not satisfactory): First, that it is of normal composition and 
has not been properly burned; or, second, that it is of abnormal 
composition and on that account could never be made into a 
satisfactory article. Chemical analysis of a cement, it seems to 
me, points, therefore, more to the causes of its being bad than 
to the fact that it is good, since results may show correct com- 
position and yet the cement be good for nothing. 

If the composition of the cement is normal, as shown by 
chemical analysis, there may be several reasons why it is not 
satisfactory in volume-constancy, strength and time of setting. 
In the first place, the raw material may not have been suffi- 
ciently finely ground to enable the constituents to combine at 
the temperature to which they have been exposed in the kiln. 
As an illustration of this, I may cite some work I have done in 
the last two years in an endeavor to corroborate the work of 
Newberry. He, in a paper read before the New York Section 
of the Society of Chemical Industry, in 1897, described several 
silicates and aluminates of lime and other compounds wliich he 
had prepared and which he thought probably existed in Portland 
cement—among them a tricalcic silicate. The German authori- 
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ties on cement have very generally denied the existence of the 
latter silicate or the possibility of making it synthetically directly 
from its constituents. I determined to repeat Newberry’s work 
and to show, if possible, that they could be made. After many 
attempts, extending over six months, I found I could not pro- 
duce the tricalcic silicate in stable form. I so told Newberry. 
He immediately made some and sent it to me and told me how 
to make it. I then made it myself without difficulty, my failure 
at first having been due to the fact that the finest pulverization 
was insufficient to put the constituents in a form where com- 
bination could be brought about at any temperature available 
in an ordinary gas furnace. By elutriation the silica and car- 
bonate of lime could be obtained in a state of minute sub- 
division, suspending the pulverized materials in water and 
collecting merely that portion which would not settle out, in 
the case of the lime, over night; and in the case of the silica, 
in five or ten minutes. A mixture made of such preparation 
combined in the proper proportion, when burned at a tempera- 
ture of 1 650°C., produced tricalcic silicate which did not dust 
on cooling and possessed the properties described by Newberry. 
Similar difficulties, not to be detected by chemical analysis may 
be met with in the manufacture of Portland cement. One 
cannot by chemical analysis tell whether the manufacturer is 
properly grinding his raw materials or not. It is necessary to 
fall back on physical tests to determine this. 

On the other hand, with materials of the proper degree of 
fineness, a proper temperature or time of exposure to this tem- 
perature in the kiln may not be satisfactory. In that case, of 
course, we should have a cement which would be deficient in 
many respects— perhaps not volume-constant. These defi- 
ciencies would not be detected by chemical analysis, but they 
would be by the physical tests. 

It may be added that where an abnormal raw mixture is 
made, containing high alumina or high lime—excessively high 
lime—a chemical analysis would detect that matter at once; 
but those abnormal features of cement would be detected as 
quickly from an engineering point of view by the physical as by 
chemical tests of cement. 

The methods employed in the chemical analysis of cements 
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must, of course, be very accurate. They have not been satis- 
factory up to the present time, but we have endeavored recently, 
through a committee of the Society of Chemical Industry, to 
bring about improvements in them. The methods which 
have been suggested will not perhaps always be employed in 
cement works where greater rapidity involving constant errors 
may be used, but in the cases where Mr. Meade favors analytical 
work in testing cement the most careful work done by the best 
methods will be necessary. 

Mr. Meade has spoken in his paper of certain compounds 
which the Messrs. Newberry have stated exist, in their opinion, 
in cement. Since these investigations, A. Meyer, a Bohemian 
engineer in Prague, has published some results which have gone 
a step further than those of the Newberrys or Le Chatelier. 
Instead of supposing that an aluminate and one or more silicates 
of lime exist independently as constituents of Portland cement, 
that is to say, that the cement consists of dicalcic aluminate and 
a tricalcic silicate, Mayer has shown that the reaction resulting 
in the formation of Portland cement probably was as follows: 
At first, at a comparatively low temperature the carbonic acid 
is driven off from the carbonate of lime. Then follows, probably, 
a combination of the lime with alumina. The next step is a 
solution and combination of silica with the aluminate, so that 
we have a double silicate of the formula SiOz, Al2 03, XCaO. 
this rather fusible slag continues to dissolve silica, comparatively 
rapidly, until all present is combined, and the lime as long as 
the temperature it meets in the furnace is sufficiently high to 
permit combination of lime and silica and until the amount of 
the former reaches five molecules. If the temperature is such that 
the lime will not combine with silica to that extent some 
remains free or in lightly bound forms and the cement is quick- 
setting or unstable. With five molecules of lime the material 
contains the proportions of silica and lime necessary to form 
and allow the crystallization of a tricalcic silicate and leave a 
portion uncrystallized. Lately in my laboratory all the different 
double silicates from SiOz Al2 O CaO up to 5 CaO have been 
made synthetically; and, with five molecules of lime burned at 
the temperature of about 1 700° F., where the lime reaches a 
figure in the neighborhood of 70%, far higher than we would 
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find in the natural Portland cement, owing to the fact that there 
is no magnesia or sulphate or alkalis present; on cooling and 
making a thin section of it, it isfound that the resulting double 
silicate has crystallized largely in the form of tricalcic silicate as 
in a piece of clinker, while the remainder is also crystalline, but 
in a form with quite different optical properties. Portland 
cement clinker is, in fact, exactly of the same structure as an 
igneous rock in which on gradual cooling the different elements 
have crystallized out in the form of various minerals, while the 
magma in which they are formed is left surrounding them. It 
is also interesting to find that if lime is reduced to four molecules 
the product has quite a different character, and the same may 
be said of that made with three, twoandone molecule. All these 
compounds are being studied chemically and optically, and the 
results will shortly appear in print. 

In conclusion, I should say that chemical analysis, while of 
extreme importance to the manufacturer in burning his cement 
and to the engineer in taking up any one new brand with which 
he has had no previous acquaintance, is not of so great impor- 
tance to the ordinary individual, using Portland cement as a 
material of construction, as the physical tests. 


Mr.Richardson 


CEMENT TESTING IN MUNICIPAL LABORATORIES. 
By Ricuarp L. HumMPHREY. 


The study of the equipment and methods in use in the 
various municipal laboratories, particularly as far as they apply 
to the tests of cement, is exceedingly interesting, and one 
which presents a wide field for discussion. 

The first record of any systematic experiments with Port- 
land cement were made in France by the Engineers of the Ponts 
et Chaussées, by whom this material was employed on a large 
scale as early as 1850. 

Their standard of excellence provided that a Portland 
cement should have a specific weight of 1200 kilogrammes per 
cubic meter (103 tbs. per imperial bushel) and that briquettes 
of 14 inch section, equal to an area of 214 inches, should develop 
the following tensile strengths: 


Neat Cement. xr Cement, 2 Sand. 
BECAVS atstemenersce haves T40 lbSy le © i aes rene 
ioe CLAYS sencrntereconeteers one 280 lbs. 140 lbs. 
BONA VS ae ase ea crs 530 lbs. 280 lbs. 


In the latter part of 1858 John Grant began a series of tests 
in connection with the London Main Drainage Works and in 
1859 we find the following clause in the specifications for this 
work: 

“The whole of the cement to be used in these works is to be 
Portland cement of the very best quality, ground extremely fine, 
weighing not less than 110 tbs. per striked imperial bushel and 
capable of maintaining a breaking weight of 400 tbs. on an area 
1% x1} in., equal to 214 inches, 7 days after being made, in an 
iron mold, and immersed in water 6 of these days.” 

Grant maintained no central laboratory but established 
small laboratories on various parts of the work and equipped 
them with a few briquette molds, a machine for making tests of 
tensile strength, and apparatus for ascertaining the weight per 
bushel. It is interesting to note that Grant subsequently 
changed the form of the briquette and reduced the section to 
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one inch. He later added a test for fineness. Faija devised a 
test for constancy of volume, Vicat had an apparatus for meas- 
uring the rate of setting, while Michaelis and others added 
improvements in both methods and apparatus. 

The methods of testing and the specifications proposed by 
Grant furnished the precedent which was followed by engineers 
generally in this country and in Europe. 

In the half century which has almost elapsed since these 
tests were proposed, little or no change has been made in the 
general character of the tests, although the methods and appa- 
ratus have been considerably improved, while the quality of the 
cement produced, particularly of Portland cement, has been 
wonderfully improved. 

It seems remarkable that this improvement in the quality 
should take place without a corresponding improvement in the 
methods of tests. For as Portland cement came into more 
general use, we find the engineer, in his anxiety to establish the 
qualities of this new product, applying a greater variety of tests 
of increasing severity. The principal qualities sought, viz, 
fineness, rate of setting, strength and soundness, are, however, 
the same to-day as in the days of John Grant. Asa rule the 
early laboratories were field laboratories, that is they were 
located on the work in which the cement was to be used and the 
equipment was necessarily limited. Gradually laboratories of 
a permanent character were established for the purpose of doing 
more accurate work and for making investigations. 

There are but few thoroughly equipped municipal labo- 
ratories in either this country or abroad. The laboratories con- 
nected with the technical schools are for the most part fairly 
well equipped. This is particularly the case abroad. 

‘One of the most important of this kind is the laboratory of 
the Ecole des Ponts et Chaussées. This laboratory was estab- 
lished in 1851 as a chemical laboratory for the examination of 
limestones, lime, cement, mortars, pozzuolanas, and other sub- 
stances employed in construction. It is interesting to note that, 
in the circular letter issued about this date, “the engineers of 
the Ponts et Chaussées and persons who desired tests and 
analyses made can send their samples to the laboratory which 
will make the examination gratuitously.”’ This laboratory 


Tse HuMPHREY ON CEMENT LABORATORIES. 


was established as a permanent laboratory in 1884 for the sys- 
tematic inspection of lime, cement, mortars, etc., used in con- 
struction of public works under the direction and charge of the 
engineers of the Ponts et Chaussées. 

The laboratories connected with the technical schools at 
Munich, Charlottenburg, the laboratories at Zurich and St. 
Petersburg, are exceedingly well equipped and are making 
many valuable and important investigations. 

The laboratory at Charlottenburg is a particularly elaborate 
affair, being provided with separate rooms for individual inves- 
tigators. 

In 1877 the Association of German Cement Manufacturers 
was formed. This association has by its efforts accomplished 
more towards the unification of methods of testing and the im- 
provement of the quality of cement than any other society, and 
its standard rules adopted throughout Germany have been 
closely followed by the engineering profession generally. 

In this country among the very earliest municipal labora- 
tories was that established under the Engineer Commissioner of 
the District of Columbia by the first Board of Commissioners in 
1878 and under the charge of Mr. E. J. DeSmedt. Its original 
purpose was for the use of Mr. DeSmedt in laying the first 
asphalt pavement in Washington. Mr. DeSmedt was suc- 
ceeded by Mr. Clifford Richardson in 1887 and the latter by 
Mr. A. W. Dow in 1894. 

The Department of Docks of the city of New York estab- 
lished a laboratory for testing the cement used in the con- 
struction of its docks in 1870. Three years later Captain W. W. 
Maclay assumed charge of the laboratory. Many of the earlier 
contributions to cement literature were the result of the investi- 
gations made in this laboratory. Captain Maclay also devised 
the Maclay hot bath tests which were so generally adopted in 
this country. The Boston Main Drainage Board in 1878 estab- 
lished a laboratory under the direction of Mr. Elliott C. Clark. 
The equipment resembled that of a field laboratory. 

Under the Metropolitan Sewerage Commissioners of Massa- 
chusetts an elaborate and well equipped laboratory was estab- 
lished at their principal office in Boston in 1890 at considerable 
expense under the charge of Mr. Nelson A. Hallett. This labora- 
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tory was unfortunately destroyed by fire in 1893 and since this 
time the Commissioners have expended no large sums on per- 
manent laboratories. 

They have, however, equipped several field laboratories at 
convenient points along the work. 

In the Engineering News, January 3, 1891, is an article by 
Mr. S. Bent Russell describing the laboratory of the St. Louis 
Water Works Extension, established about 1888 and for which 
he was for a number of years in charge. In 1895 the laboratory 
was removed to a point further down town and the Sewer and 
Street Departments joined with the Water Department in 
operating it for testing cement, paving brick and other materials. 

The city of Baltimore’s laboratory for testing cement was 
established about 1891 under the direction of Mr. C. B. Marriott. 
The equipment of this laboratory was meagre and the methods 
crude and it has been succeeded by the laboratory established in 
1900 under the direction of the Highway Division of the State 
Geological Survey. The latter is equipped principally with 
apparatus for testing the materials used in road construction; 
the equipment for cement tests being of a rather limited char- 
acter. 

The laboratory of the city of Chicago was established in 
1894, with Mr. S. M. Rowe in charge. The equipment of the 
laboratory is fairly complete and consists of a 1000 fb. Fair- 
banks cement testing machine, a 20 000 fb. Riehlé tension and 
compression machine, storage tanks with a capacity for 7 000 
briquettes,together with the necessary molds, set wires, scales,etc. 

New York has from time to time maintained laboratories 
for testing cement under the direction of the various depart- 
ments. The equipment of these laboratories was limited and 
more or less crude; was adapted for field work only, and there- 
fore met with indifferent success. 

In 1899 a laboratory was fitted up by the Commissioners of 
Accounts for the purpose of testing all the material used by the 
city of New York. The laboratory is under the direction of 
Mr. Otto H. Klein, Chief Engineer, with Professor 5. F. Peck- 
ham, Chemist in charge. The equipment, while on a small scale, 
owing to the limited space set aside for the purpose, is good and 
sufficient for making most of the usual tests. 
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Prior to 1892 the inspection and testing of cement in the 
city of Philadelphia was done in field laboratories and usually on 
important work only. In that year there was started, in an 
obscure corner of the City Hall, in a very modest way a perma- 
nent laboratory for the testing of cements. The equipment 
consisted of a Fairbanks testing machine, a set of Gilmore wires, 
an 8 gang briquette mold and a few pans for preserving the 
briquettes. The work was necessarily of a limited character, 
although it was performed in a systematic manner and the 
results were carefully compiled. Gradually additional apparatus 
was added, better facilities provided and the scope of the work 
enlarged. The result of this rather unpromising beginning is a 
permanent laboratory, with facilities and equipment for making 
all the tests in general use, whose equal does not exist in this 
country and which is excelled by but few laboratories abroad. 

The equipment and methods in use in this laboratory are 
described in part in a paper before the Engineers’ Club of Phil- 
adelphia, and I will not take the time to dwell at greater length 
on these features. As the Engineer in charge I had the pleasure 
of supervising its development from its inception. 

This laboratory has done a very great deal towards raising 
the uniformity and standard of quality of the American cements, 
and its published tests were among the first to show the superior- 
ity of the American over the foreign cements. The improve- 
ments in the quality of the cements furnished the city and the 
reduction in the cost, incident to the competition which the 
methods in vogue in the laboratory made possible, have more 
than compensated the city for its cost of installation and main- 
tenance. The cost of maintenance does not exceed 10% of the 
probable annual saving to the city. 

This covers in a brief general way the history of the principal 
municipal laboratories in this country. 

Laboratories are also maintained by the cities of Cleveland, 
Indianapolis, Buffalo, New Orleans and others, but they are for 
the most part on a smaller scale and possess no unusual features. 

The number of municipalities which maintain laborato- 
ries of tlfis character is constantly increasing, although it is 
to be regretted that neither in facilities, equipment nor methods 
do they attain the necessary and desired standard of efficiency. 
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Municipal laboratories may be divided into two general 
classes: (1) Field laboratories, or those located on the work in 
which the cement is to be used. Such laboratories are equipped 
for making only a few simple tests and the work is not usually 
carried on in a systematic manner; and (2) permanent labora- 
tories, well equipped with apparatus for the thorough investi- 
gation of the properties of the materials of construction. Work 
in the laboratories of this class is carried on in a thoroughly 
systematic way and the results are carefully compiled and made 
available for general use. 

Aside from private laboratories, more or less well equipped, 
which do commercial testing, there is a class connected with 
the technical schools. The latter are generally well equipped 
and many of them make a practice of doing commercial testing 
and in a few cases have charge of the inspection of the materials 
used by neighboring cities and towns, while a few others extend 
the use of their laboratories to the city engineers and county 
commissioners of the state in which they are located. Lehigh 
University is an example of this class. 

The work of testing in these laboratories is usually entrusted 
to the instructors and in many cases the students themselves. 
As there is generally a lack of the requisite experience and skill, 
the results obtained, under these conditions, are of doubtful 
value. 

While the system under which all cements are tested far 
from fills the requirements (owing largely to the great influence 
of the personal equation of the persons who make the tests) it is 
nevertheless true that the tests and inspection to which cements 
are subjected has done more towards improving the quality of 
cement than any other agency. 

The manufacturer, in order that his product may fulfill the 
requirements, has exerted greater care in the preparation of his 
product and with a corresponding increase in its quality both as 
regards its strength and uniformity. 

The advent of the rotary kiln has proved another potent 
factor in the improvement of the quality of Portland cement; 
indeed the present high standard of quality is due largely to this 
process. 

Without systematic inspection on the part of the consumer, 
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the manufacturer having no requirements to meet would fall into 
careless habits and the standard of quality of his product would 
gradually fall. When John Grant first proposed a tensile 
strength of 400 tbs. on 14 in. section at end of 7 days the 
English manufacturers exerted considerable pressure to have 
the requirement reduced to 300 tbs., fearing they would experi- 
ence great difficulty in meeting it. That this fear was ground- 
less is shown by the fact that within a very short time after- 
ward the requirement was raised to 550 tbs. 

From the compiled results of tests we learn what qualities 
cement may be reasonably expected to develop. We further 
learn that those cements which yield the best results in actual 
use, readily meet certain specified requirements. It is therefore 
natural for the engineer to fix a standard of excellence (based on 
the results which he has obtained) by which to gage the accept- 
ability of each shipment. So long as the engineer fixes the 
requirements of his specifications in this manner, there is small 
likelihood of a serious disagreement between the engineer and 
the manufacturer, as to whether the cement does or does not 
meet the requirements. 

It is the class of consumers, however, who draft their speci- 
fications with the aid of a pair of shears, that occasion the 
greatest trouble, not only to themselves but also to the manufac- 
turers. Such persons as a rule with their limited knowledge of 
the properties of cement, select for their specifications the most 
rigid clauses from a number of other specifications, and the 
result is a new and impracticable standard, calling for impossible 
and often contradictory conditions. 

The manufacturer, unless he has a previous knowledge of 
the personal equation of the person in charge of the laboratory, 
is loth, therefore, to submit his product and chance the possible 
rejection of a good material required to meet these impossible 
conditions. It is not surprising that under such conditions the 
manufacturer refuses to supply cement. As a result the con- 
sumer is placed in the embarrassing position of being obliged 
either to disregard his specifications or change the requirements. 

A uniform or standard specifications is unquestionably very 


desirable, but the realization of such a standard is only possible 
through the adoption of such methods of testing as will secure 
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uniform and comparable results by different persons. A Board 
of Engineers have prepared a set of specifications for the guid- 
ance of the Corps of Engineers of the United States army, but 
it should be noted that they have prefaced these specifications 
with a detailed description of the methods to be used. It would 
seem therefore that the first step towards securing uniform 
specifications is the adoption of methods for making uniform and 
comparable tests. When this has been successfully accom- 
plished standard specifications will not only be possible but will 
also be the natural sequence. 

The testing of cement is an art requiring a combination of 
skill and experience, and a natural inclination towards scientific 
research on the part of the person making the tests. The wretch- 
edly poor salaries generally paid those in charge and the cor- 
respondingly incompetent assistants which such salaries secure, 
is one of the deplorable features of the municipal laboratories of 
to-day. An exception may perhaps be made of a few of the 
larger laboratories where the assistant in charge is content to 
accept the poor pay for the sake of the reputation and experience 
to be acquired. As a rule the assistants in charge have little 
interest in their work and frequently resign their positions after 
a few years’ service just when they have become experienced and 
skillful and therefore valuable. The work accomplished under 
such conditions is inefficient and unsatisfactory. As a result 
the great bulk of the tests turned out by municipal laboratories, 
through lack of uniformity in methods and skill on the part of 
those making the tests, are of little value. It is little wonder, 
therefore, that there should be such wide difference in the 
requirements of the specifications of these laboratories. It will 
be found that the specifications issued by laboratories properly 
equipped and in charge of skilled persons agree much more 
closely. Municipalities can well afford to maintain thoroughly 
equipped testing laboratories, conducted systematically and in 
charge of technically trained engineers, whose compensation will 
be sufficient to retain their services for a number of years after 
they have acquired the requisite skill and experience which 
make them competent and valuable. The wisdom of such an 
expenditure of time and money will become apparent when the 
improved quality of the materials (furnished at a reduction in 
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cost) and the increased durability of the work constructed with 
these materials, are taken into consideration. 

The number of regular tests to be made in such a laboratory 
should be few and the methods used the most simple. Ordi- 
narily the tests for determination of strength neat and with 
standard sand for seven and twenty-eight days, the degree of 
fineness, the rate of setting and some simple efficient test for 
constancy of volume should be sufficient. If the laboratory 
possess the services of askilled chemist, chemical analyses should 
also be made. 

For further information concerning methods and apparatus 
to be used in making such tests those interested are referred to 
the Fournal of the Franklin Institute for December, 1901, and for 
January and February, 1902. 

Another condition, resulting largely from the maintenance 
of municipal laboratories, particularly those conducted on broad 
lines, is the better esprit de corps which now exists between the 
engineer and the manufacturer. The old situation where these 
parties held aloof and viewed each other with suspicion and often 
contempt was an intolerable one, and I am glad to say is rapidly 
disappearing. The advent of the technically trained assistant 
at the factory and in the laboratory of the consumer, has done 
much to bring about this condition. Instead of working at 
cross purposes, both parties are bringing their combined knowl- 
edge and skill to bear on the perplexing and difficult problems 
which confront the producer and consumer alike and are coming 
more closely together in an endeavor to effect a solution. 

At the present time only a few of the better equipped 
municipal laboratories compile and publish in a systematic 
manner the results of their tests. These tests serve as a guide 
to aid the engineer, the architect or the builder (who possess no 
facilities for making tests of this character), in selecting the best 
and most suitable material for their work. As these results are 
obtained under different conditions, they are not related and 
there seems to be no basis for a comparison. Without a knowl- 
edge of the methods in vogue and the personal equation of the 
engineer in charge, it is impossible to form any idea of the rela- 
tive quality of two cements, where one is tested in one laboratory 
auu the other in another. There is therefore a most urgent need 
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for a central or reference laboratory, conducted under impartial 
conditions, at the service of the general public, where fixed 
standards can be maintained and to which all materials of con- 
struction can be referred in case of dispute between the producer 
and consumer or for purposes of general information as to its 
properties. 

Several foreign laboratories, notably that at Charlotten- 
burg, Germany, are conducted on these lines, under government 
direction and are of immeasurable value. There is no govern- 
ment laboratory of this character in this country at the present 
time. Most manufacturers and many engineers will no doubt 
agree that there is a growing need for the same. Such a labora- 
tory could establish standards ‘of excellence and could conduct 
its tests in such a manner that the published results would be 
related and be of general use. The compensation of the assist- 
ants in charge should be sufficient to secure and retain the 
services of competent persons of great skill and broad experience. 

Neither municipal nor private laboratories have the requisite 
time, as a rule, for carrying on research work of any magnitude. 
A government laboratory aside from its use as a standard refer- 
ence laboratory could very properly conduct investigations with 
a view of solving some of the very perplexing problems con- 
nected with the production and use of cement. 

The object of these remarks is to show the importance of 
well equipped laboratories in charge of skilled persons, to 
municipalities, to point out possible economies both as regards 
the material and the durability of the work resulting from their 
maintenance, and to deplore the inadequate salaries paid, 
which prohibits securing and retaining properly trained assist- 
ants. 

The shortsightedness of the policy of employing properly 
paid skilled engineers to design public works, and then to 
entrust the inspection of the material on which their strength 
and durability depends to unskilled assistants is, I think, evident. 

Another object is to call attention to the growing need of a 
government laboratory equipped with the latest and best appli- 
ances, using the most reliable methods and under the charge of 
the most competent experts available, to serve as an arbitrator 
for all disputes and as a standard by which to gage the quality 
of all materials of construction. 
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We are now entering on a new era, an era which has been 
appropriately called the ‘‘age of cement.” 

The varied applications of cement in constructive work, 
especially the rapidly increasing use of ‘‘steel concrete,” renders 
a better knowledge of the strength and properties of the principal 
material used highly essential. The accurate determination of 
the properties of this material are more difficult than for any 
other material of construction. It is of vital importance that 
this material should not only harden rapidly and attain great 
strength, but what is far more essential, that it shall maintain 
this strength. 

A knowledge of the quality and properties of cement 
becomes therefore a matter of the greatest importance and 
demands that the testing should be conducted in laboratories 
possessing the best possible equipment, using the best methods 
available and under the supervision of skilled technically 
trained assistants. 
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TESTS OF REINFORCED CONCRETE BEAMS.* 
By W. Kenprick Harr. 


General Statement.—The writer has elsewheret presented a 
theory of the strength of reinforced concrete beams. Since that 
time he has had an opportunity to carry out a series of tests on 
such beams in the Laboratory for Testing Materials of Purdue 
University, with a view to determining the reliability of the 
theory. The present paper describes the methods and records 
the results of the tests. Incidentally the theory advanced in the 
article cited has been improved and the results of its application 
compared with the observed facts of the tests. 

The writer desires to acknowledge the faithful services of 
Messrs. A. E. Kemmer, H. O. Garman, C. Klueh and M. R. Keefe, 
senior students in the School of Civil Engineering, who, as 
a thesis exercise, under the writer’s supervision, molded the test 
specimens, tested the same and worked up the data obtained. 

The scarcity of recorded data giving results indicative of the 
nature’of reinforced concrete under flexure is the motive which 
prompts the presentation of the results of the series of tests 
described below. ‘The theoretical analysis is also believed to be 
of value. 


TESTS. 


These tests include observations of the load-deflection curve 
for beams of broken-stone concrete reinforced with 1% and 2% 
of wrought iront located at different positions in the cross-section 
of the beam. A few tests on gravel and cinder concrete beams 
are Added. The beams were 8 ins. x 8 ins. in cross-section, and 
were tested on a span of 80 ins. under a centre load. Beams 
Nos. 1 to 17 were 1—2—4 stone concrete; beams Nos. 18, 19 
and 20 were of 1—2—4 cinder concrete; beam No. 21 was of 
1—s gravel concrete. The reinforcement was placed either 1 in. 


* Acknowledgment is made to the Engineering News Publishing Company for the use 
of the cuts used in this paper. 
+ Proceedings Indiana Engineering Society, January, 1902; Engineering News, Feb- 
Tuary 27, 1902 
t More exactly $24 % and 427 %. 
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or 2 ins. from the bottom. Accompanying the tests in flexure 
is a determination of the following elements of the strength of 
the constituents: Moduli of elasticity and strength, in tension 
and compression, of the broken-stone concrete; the strength of 
the cement in tension and compression; the elastic limit and 
modulus of elasticity of the iron; analysis of the sand and stone; 
tests of the adhesion between the iron and the concrete. 
Cement.—The cement used was Peninsular brand of Port- 
land cement, made from marl and clay at Jackson, Mich. The 
strength of the cement in tbs. per sq. in. is shown by Table I: 


TABLE I. (SHow1NG TENSILE AND COMPRESSIVE STRENGTH OF PORTLAND 
CEMENT USED IN MAKING REINFORCED CONCRETE BEAMS.) 


Tensile Strength of Standard Briquettes. 


ENO Css (tis soys ales areiocui Oe ey ssevers es wiecsr are 24 hrs. 7 days. 1 month. 3 mos. 
ING at By cp ciacnscr beast sets jotsvteve eysietcawerexe 346 803. este ee 802 
C55 AGIs ark at Om Oo aCe ae OCG mOK. 78 412 505 626 
Compressive Strength of 2-in. Cubes. 
NIGHT Speaker Ge Sheree, Saree OS OT OR IS CR 2 402 7 337 9°537 9 740 
ESemee Lice ta etre col seuss, cereaslel Cot ris iousinl estes) «hs 610 3 145 5 860 8 005 
Ratio of Compressive to Tensile Strength. 
INGAUR Siicrn cote ety ato etl Maree erete 6.94 O23 = Woe 12.14 
Spb Uieo 8 OG ooo cun cid ODIO GIO Die GOD.c 7.82 7.63 II.60 12.78 


Slow setting: Fineness—98% through No. 100 sieve; boiling test— 
O. K. 


Broken Stone.—The broken stone was limestone; the entire 
product of the crusher was used; 73% was retained on a 14-in. 
sieve; all passed through a 1-in. sieve. 

Sand.—The sand used was clean, sharp pit sand; 84% was 
retained on a No. 30 sieve; 20% was retained on a No. 20 sieve. 

Gravel.—The gravel used was good quality of coarse gravel. 

Cinders—The cinder used was that of bituminous coal, 
taken directly from the cinder pile, and contained about 50% 
fine ash. 

Mixing, Molding and Storage—The cement and sand were 
thoroughly mixed in a dry condition, and then the water was 
applied; then the broken stone the surfaces of which had been 
sprayed with water, was added to the mortar and the whole 
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thoroughly mixed. The concrete was fairly dry concrete 
intended to be plastic after a thorough ramming. About 5.5% 
of water by weight was added to the mortar. Some of the 
specimens were more wet than others; these facts are noted in 
the individual cases in Table II. The specimens were stored in 


TABLE II. (SHowine ConpiTIon or ConcrETE Beams WHEN MabDE 
AND AFTER TESTING.) 


Condition when Made. After Test. be 
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a Os S liver consistency ........ as oi ares ee 
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Olicentre tan lasers: 
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Failed in compres- 
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horizontal shear 
along __ reinforce- 
ment,endof beam. .... 


Notge.—Nos. 1 to 17 are broken stone concrete, 1: 2:4; Nos. 18 to 21 are cinder 
concrete, 1 :2:4' No. 22, gravel concrete, 1:5. 


dry sand and the rate of hardening was rather more rapid 
than that to be expected in the case of a cement walk. The 
specimens were taken from the molds as soon as they could be 
handled without danger of breakage. This period was from 24 to 
48 hours in case of the beams made in the early spring, and from 
12 to 24 hours in case of beams made ata later period. The 
weight of the stone concrete was nearly 152 lbs. per cubic foot. 
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Specimens.—The compression tests were made on cylinders 
8 ins.in diameter, and 12ins. high. The tension tests were made 
on bars of square section 4 ins. on the side. The form of the 
tension specimens is shown in Fig. 1. These tension specimens 
were not well designed, since the heads pulled off before rupture 
occurred in the body 
of the plainbars. The 
reinforced bars, how- 
ever, broke in the body. 
The tension tests in- 
— cluded both plain bars 
~ and reinforced bars. 
Wooden molds were 
used for these speci- 
mens. The beams were 
8 ins. square and 80 
ins. between supports. 
The steel mold for 
these beams was built 
up of two channels and 
a bottom plate. The adhesion between the iron and concrete 
was determined by observing the load necessary to pull iron 
rods out of 6-in. cubes of concrete. 


Compression Specimen. 


Fic. 1. Details of Tension and Compression Test Pieces. 


METHODS oF TESTING. 


Compression.—Tests were made both on plain cylinders and 
on cylinders reinforced with rods parallel to the axis of the 
cylinders. No circumferential rods were used. The tests on 
these reinforced specimens are not quoted below. These rein- 
forced cylinders were weaker than the plain cylinders, and the 
forms of rupture were abnormal. The shortening of all the 
cylinders was observed at three points around the circum- 
ference by means of hook micrometers attached to a lower 
steel ring (Fig. r) and having contact with an upper steel ring, 
the gage length being about 6144 ins. The contact was noted 
by means of an electric current and the micrometers read 
to 1-1000-in. and estimated to 1-10 000-in. These tests were 
satisfactory. 
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Tension Tests.—The extensions of the tension bars were 
read on hook micrometers attached to an upper yoke and having 
contact with fine wires fixed by plaster of Paris to the speci- 
men at the lower end of the gage length. The contact was 
made known by the passage of the electric current ; the gage 
length was about 17) ins. 

These tension tests were not satisfactory for determina- 
tion of strength, since, as noted above, the heads of the 


‘bars, with some exceptions, pulled off. They served, however, 


very well for determination of modulus of elasticity. It is 
believed by the writer that the strength of the body of the bars 
did not differ greatly from the loads recorded at the point of 
rupture of the heads. The strength of the reinforced bars 
which broke in the body was nearly the same as that of the 
plain bars which broke in the head, viz: about 300 tbs. per sq. 
in. The stress-strain diagrams obtained in case of the rein- 
forced bars are important elements of the tests. 

Flexure.—The beams were simply supported at the ends and 
loaded with a center load. The deflections were read at the 
middle of the span on both sides of the beam from hook micro- 
meters attached to the beam and making electric contact with 
wires stretched between points directly over the supporting: 
knife edges, and 4 ins. above the latter. 

In the three kinds of tests mentioned, loads were applied 
by increments, and the deformations noted. The loads were 
released at intervals in order to obtain the set. 


RESULTS OF TESTS. 


Flexure Tests. —The load-deflection diagrams obtained 
from the concrete beams are shown in Figs. 2, 3and4. Notes 
on condition of concrete and on rupture of beams are given 
in Table II. 

Compression and Tension Tests —Table III gives the results 
of the compression and tension tests. The modulus of elasticity 
is computed with regard to the set experienced after previous 
loads. The stress quoted in case of reinforced concrete bars 
in tension is not corrected for the amount of the load carried by 
the reinforcement. 

Tests of Adhesion.—Table IV gives adhesion of round steel 
rods inserted in cubes of concrete. The values of adhesion rep- 
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TABLE III. (SHowrne RESULTS OF TENSION AND COMPRESSION TESTS 


oF CONCRETE.) 


TENSION. 
: Modulus of Elongation at 
Age elasticity, rupture, Strength, 
Kind in Ibs. I part Ibs. per Where 
No. Stone. days. per sq. in. in sq. in. broken 
le I—2—4 35 2 700 000 11 660 300 At pin 
2. I——2—4 33 2 400 000 8 750 305 Pe 
ee I—2—4 28 I 400 000 4 400 360 od 
4. I—2—4 26 I 900 000 7700 280 2 
Average of plain ......... 2 100 000 7000 BUT. | Speer 
Se I—2—4 280 0m Peers gio 281 Body. 
1% iron. 
6. ss 20; ieee I 310 313 a 
Average OfreimtOrceGie yu waristairoen I 140 207 (aaa 
Plain cinder. 
7. I—2—4 SMS eae 82 Body. 
Notg.—Values for reinforced specimens are not corrected for stress in iron. 
COMPRESSION. 
Modulus Compres- 
5 f sive 
Kind elasticity Stress of strength 
No. | Stone. Age. ——\————lbs. per sq. in — ——~ 
9 4702 000 at 750 2 880 
I. 24. “a 
9 3 940 000 I 500 
I © ooo ‘ ° 
2. I—2—4 ‘ she “ 75 ou 
14 3 680 000 I 590 
Cinder. 
as I—2—4 9 BEG GOOm Fy cena 495 
A I—2—4 9 2 OOO. a |i manta 595 
Fo I—2—4 i 630/000 EGE Se 416 
Gravel. 
6. I—5 6 2°088;000° |) aeneus 1185 
E, ) 
fh = —— = 2.17 at 750 for A. | 
t 
ts Stone concrete. 
m = —— = 12.8 at x 00 for crack. 
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TABLE 1V. (SHowinc ApHESION oF RounpD SreeL Rops INSERTED 
IN CUBES OF STONE CONCRETE.) 


TRS ba Be AO ee 
Depth of rod in concrete 
i OUMESUSALS «ols ier Seen SNe Slee hee acto n 
Adhesion, lbs. per sq. in. of surface of rod: 
Maximum 
Minimum 
Average 
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Fic. 2. Load-Deflection Diagrams of Reinforced Concrete 
Beams. 


7-16 in. 5-8 in. 
32 days. 35 days. 


6 ins. 6.4 ins. 
3 3 
735 780 
470 714 
636 756 


resent the ultimate 
statical resistance 
in pounds per 
square inch of the 
surface of the rod 
nominally in con- 
tact with the con- 
crete, against a di- 
rect tension. Slid- 
ing friction, after 
the adhesion was 
overcome, was 
from 50% to 70% 
of the adhesion. 
In many cases the 
concrete cubes 
were broken with 
a hammer after the 
test in order to de- 
termine the uni- 
formity of the con- 
tact between the 
iron and the mor- 
tate) Uhisscontact 
obtained only in 
part,and was irreg- 
ularly distributed 
over the surface of 
the rods, 


Tests of Iron.—The metal used was common wrought iron 
rods, 7-16 in. and 5-8 in. in diameter, respectively. The iron 
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had a yield point of 36 000 ibs. per sq. in., and a modulus of 


elasticity of 29 000 000 ibs. per sq. in. 


ANALYSIS OF RESULTS. 


The Nature of the Load-Deformation Diagram of Reinforced 
Concrete Beams.—From an inspection of Figs. 2, 3 and 4 it will 
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Fic. 3. Load-Deflection Diagrams of Reinforced Con- 
crete Beams 
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be seen that the dia- 
gram isnearlya 
straight line up to a 
load of from 1 500 to 
3 000 Ibs. in the var- 
ious beams tested. At 
higher loads the de- 
flection increases 
more rapidly. The 
diagram, however, 
again becomes nearly 
a straight line, the 
deflection then in- 
creasing uniformly 
with the load until at 
a load of from 4 000 
to 10 000 Ibs., a crack 
occurs in the concrete 
at the lower face of 
the beam. Beyond 
this point the deflec- 
tion still increases 
uniformly with the 
load until the iron 
reinforcement reaches 
its elastic limit, at 
which time the de- 
flection increases rap- 
idly without any cor- 
responding increase 


of load. These remarks refer mainly to the broken-stone 
beams one month old. Fig. 5 shows typical diagrams for con- 


crete beams in flexure. 


The three characteristic points of such a test are: the some- 
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what indefinite point A, where the curve first turns from the 
straight line; the point of first crack of the concrete, and the 
point at which the elastic 
limit of the reinforcing 
metal is reached. Table 


V is a summary of the 20| a 7 | : 
oy 


_facts of the test of the 8 


series of concrete beams 


listed with reference to i tt | 
these three points. The gi ie 
loads in Table V are in [8 ae 
addition to the dead 7 § 
weight of the beams. 8 | : J 

It may be said that in § gH Sher in al 
none of the stone-concrete y \ al q 
beams from Nos. 1 to 17, % : aaa z Us 
inclusive, was there any 2 £ 20. a 
indication that the com- 2 0'“oo2 wor wos 008 010 Ie 014016 016 020 
pressive strength of the £ Deflection in Inches. 


concrete was reached at *# 
the load at which the re- ¢18 
inforcement failed. If z 
steel reinforcement had 8 
been used the compress- ‘ 
ive strength of the con- 
crete might have been 
developed. Nor, as might 
have been expected from 
the results in Table IV, 
did the reinforcement pull 
out from the surrounding : 
concrete. It should be 0" 2002 004 006 008 O10 012 04 O16 018 .020 
noted that the bars were Fic. 4. 2 een ee Reinforced 
not subjected to vibra- Conerete Beams. 

tions. The cement, it may be noted, was strong enough to 
break the stones in the section of rupture of the beam. 

Ratio of the Moduli of Elasticity—From Table III it may be 
seen that the ratio of the modulus of elasticity of stone concrete 
in compression to that in tension was 2.17, corresponding to a 
stress of 750 tbs. per sq. in. in compression, and a stress of 
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300 tbs. per sq. in. in tension. It is to be noted that the ratio 
of the modulus of elasticity of the iron to that of the concrete in 
tension was 13.9. These values will apply to the beam when 
loaded to the point A. The important fact is the increased 
extensibility of the 
reinforced concrete in 
tension. Thus, while 
the plain concrete 
broke with an average 
extension of 1 :7 000, 
the reinforced con- 
crete broke with an 
average extension of 
1 :1140. This fact has 
been determined by 
M. Considére, who 
a says that plain con- 
crete breaks intension 
with an elongation of 
I part in 10 000, while 
reinforced concrete 
will withstand an ex- 
tension of 1 part in 
1000 without rup- 
ture. The effect of 
reinforcement proba- 
bly is to distribute 
the maximum elonga- 
tion over the entire 
length of the bar, 
whereas, in case of 
plain concrete, the 
2 maximum elongation 
is confined to the frac- 
tured section. 
Accepting the tensile strength of the reinforced concrete as 
300 tbs. per sq. in., and the elongation as 1 part in 1000 at « 
rupture, the equivalent modulus of elasticity of the reinforced 
concrete in tension is 300 ooo tbs. per sq. in. at the stress of 300 
tbs. per sq. in., 7. e., at the point of cracking. 
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Fic. 5. Typical Load-Strain Diagrams. 
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TABLE V. (SHowrne Resutts or Benpine Tests or REINFORCED 
Concrete Brams.) 


aes ue Gare fae [Re he a, toe 
No. Kind. days Ibs. | cee he. ; a i sata rise 
I Plain 28 I 200 SO Ohare logsee seats 2400 .003 
Zee levity 28 Me200) OOM San nes Gane 2200) = Ord 
Ay Bae 25 BES OOM 02, ONES OOO NN AIAONNS SOO) mnTO3 
Sel vo 2 28 2,000)) E020) 5.000 4136 6 20. =r 86 
6 2%—2!" 25 2000 =.020° «§ 750° «109 TO 250 4278 
a ego 27 2500 =2030, “6 SoG. .133. To 250 278 
8 1%—-1"" 25 2 500 .o16 ASO greeter Gf ele) Hs 
9 1% —1” 23 2E5OO O25 NN ONSOO) Ne. USO0 7) 30077 
to 2%—1"" 27 3,000 .022 10000 SL 7A 12.000 247 
iat 2%—1"" 25 3,000) 020) Toleoo) | =r58 nr S00) 2208 
eee LIG— 146" 30 BIOCOT NO208) 74000) 2087) 61500) 176 
13 1%—1ikk" 30 27000} Oly 5 SOO) 13S) 1G Hoon Eizo 
14* Plain a TACO -OO4e Weatcae: apse 3400 .008 
15 Plain. 8 ZOOM MOO ANNI. ware Sein a5 OC EEOILS 
16 1%—2"”" i, ee An2i60 .160 6000 .248 
ey 1%—2"" 9 ACS) A) Aue Ker Fee Riko 
r8t 2%—1” 17 T1000) | 026°) Gss000) | 2208) “Is zison 288 
Iof 2%—1" 17 FOOmmCOLA NN E2:OOONNN OOS) | 62) 300NEEOS2 
zo} Plain. Reb Mie Phere Seen d ro iene eee 600 .023 
2r% Plain | II ZOR O03) can hes ete iraueyes ——_Ae)IL0) 
21* Plain.t II 205 BOO2 eee css ae I £00 Oro 
225) 395 —1"" 6 AQ 2026) T0000 -r24 | Tn 500) 100 


The new ratio of the modulus of elasticity of concrete in 
compression to that of reinforced concrete in tension is then 
12.8 when these moduli are taken at stresses of 1 500 and 300 
tbs. per sq. in. in compression and tension, respectively. The 
corresponding ratio for the iron and concrete is 96. These 
values will apply to the beams when loaded to the point of first 
crack. The bearing and importance of these ratios in the com- 
putation of the strength of such beams will be shown below. 

Fig. 5 shows typical load-deformation curves also for con- 
crete in compression and reinforced concrete in tension. The 
loads are total loads on cross-sectional area of specimens. From 
an examination of a number of stress-strain diagrams for concrete 
in compression, it appears that a parabolic arc closely approxi- 


mates the actual curve. 
Analysts of the Effect of Variables.—In the beams tested, the 


*1span. + Cinder. {Gravel. In Nos. 12 and 13 there was a double reinforcement 
of 1% placed 114 inches from top and bottom face. All other beams were singly rein- 


forced 
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variables were age, per cent. of reinforcement, position of rein- 
forcement and material. In Fig. 6 the effect of these variables 
on the load and deflection corresponding to the first crack is 
graphically shown, and the following observations may be 
made: 1% of reinforcement 1 in. from the bottom of the 
beam increased the strength of a plain concrete beam from 
2200 to 7400 tbs., and increased the flexibility from o.o1 
in. center deflection 
to 0.14 in. center de- 
flection. Increasing 
the reinforcement 
from 1% to 2% of 
the cross-sectional 
area increased the 

strength from 7 200 
ence i mC: ve Sree. Tbs. to 10.000 tbs., with 
only a slight increase 
in the flexibility. Plac- 


Section: 8x8. Span: 68. 


8 
me) 
Cc 
=) 
ce} 
oH 
os : 
® : ing the 1% reinforce- 
£ 6 ment 2 ins. from the 
wo 
ont bottom face decreased 
ae the strength from 
» or 08 12 16 20 SC~C~sCOC Oe ~=Cti«S« 2OO LS. to s oo bbs., 
is} ‘ i 9 . . 
8 : Reinforcement, Plain vs. 1% of Iron. with a slight decrease 
in flexibility. 
28 Days i : 
. A cinder - concrete 
on 
oda : beam and a _ stone- 
; | concrete beam each 
Cilnde reinforced with 2% of 
0 Plat. Plain. metal, 1 in. from the 
004 008 .012 016 .020 .024 004 .008 .012 016 .020 .024 
Deflection in inches. bottom face, had com- 
Effect of Age. Cinder vs. Stone. 


parative strengths of 
Fic. 6. Diagram showing Effect of Age, Position and 

Amount of Reinforcement on Load and Deflection 5 000 and 10 000 hice 

Corresponding to the First Crack in Concrete Beams. 3 
respectively, and a 
comparative flexibility of 0.26 in. and 0.16 in., respectively. 
In case of plain cinder and stone beams, the comparative strength 
was 600 tbs. and 1 800 tbs., and the comparative flexibility was 
0.023 in. and 0.016 in., respectively. It thus appears that rein- 
forcing a beam with even 1% of wrought iron gives it ten times 
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its former flexibility and more than three times its former 
strength. 
THEORY. 

Having established the facts. developed from tests of the 
beams and their constituent materials, it remains to determine 
how far the theory, which will be advanced below, accords with 
the facts, and to recommend constants for use in the design of 
such beams. In the foregoing it has been the desire of the writer 
to so present the facts that the reader may make his own deduc- 
tions should he disagree with those below. 

This paper will not take up the development of the theory 
in much detail. The theory, the main analysis of which is indi- 
cated below, intends to account for the three characteristic points 
of the load-deflection curve shown in Fig. 5, viz, the point A, the 
load at first crack, and the load at failure. 

The assumptions upon which the theory is based are mainly 
as follows: (1) The cross-sections of the beam remain plane 
surfaces; (2) the applied forces are perpendicular to the neutral 
surface of the beam; (3) the values of the moduli of elasticity 
obtained in simple tensile and compressive tests will apply 
to the material when under stress in the beams. (With reference 
to this connection between simple tests and flexural tests, it may 
be expected that the material in compression at the compressed 
face of the beam will bear a greater fibre stress than that indi- 
cated in a direct-compressive test, for these ‘“‘outer fibres” of 
concrete are supported by material which has not reached its 
maximum strength.) (4) There is no slipping between the con- 
crete and the steel reinforcement; and (5) there are no initial 
stresses in the beam due to shrinkage or contraction of the 
concrete while setting. The analysis supposes fracture to be 
due to bending and not to horizontal shear. 

If the cross-sections are assumed to remain plane surfaces 
during flexure, the distortion of any fibre will be proportional to 
its distance from the neutral axis. It follows that the law of 
variation of stress will be represented by the stress-strain 
diagrams shown in Fig. 5. 

Following the method of M. Considére in general by applying 
these diagrams to the cross-section of a beam, we will have the 
representation of the stresses at different points of the 
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cross-section. These stresses in the concrete and that in the 
steel reinforcement are shown in Fig. 7. 

For the sake of 
simplicity in the anal- 
ysis, these stress- 
strain diagrams are 
assumed to be para- 


For Example : , 
: h=8; b=8 hx=3h,; c=/500/bs., + = 300/bs., 
bolic arcs, an as- Ff =20000Ibs, hu= 7.” 


sumption which is Fic. 7. Diagram Indicating Nature of Stresses in Re- 


inforced Concrete Beam. 


justified in the case 
of compressive stress-strain diagrams by an examination of a 
large number of tests recorded in ‘‘ Report of Tests of Metals 
for the Year 1899.’’ Referring to this figure, let 


1 = length of span; b= width of cross-section. 

hx = the distance from the compression face to the neutral axis; 

Layee =the distance from the compression face to the centre of 
gravity of the reinforcement; 

P = the ratio of the area of steel to that of the cross-section of 
the beam; 


E,, E,, E, = the moduli of elasticity o fthe steel, concrete in compression 
and concrete in tension respectively; 


E 
n mee os 
E, 
m = Lay 
E, 
if = stress in metal reinforcement; 
c = compressive stress in outer fibre of concrete; 
it = tensile stress in outer fibre of concrete. 


Reinforcement is supposed to be in the tension flange alone. 
E, and E, are measured at the stresses c and t. 


The values of x, uand pare ratios; p and u are at the control 
of the designer, while x depends on p, u, n and m; n and m are 
fixed by the quality of the materials, and they change during 
flexure with the varying values of c, f and t; that is, the modulus 
of elasticity of the concrete varies with the stress at which it is 
measured. For practical purposes of computation, however, the 
constant values of n and m may be used appropriate to the point 
A and to the point of cracking shown in Fig. 5. 

On the assuniption of plane cross-sections during flexure, we 
may determine the ratio of c to t and f to t as follows: 
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Con (x) 
1—x 
pa tmu—sx) (2) 
1—x 


Next, to locate the neutral axis; that is, to determine the 
value of x, we may equate the forces of tension and compression 
on the cross-section, assuming, as before, that the stress-strain 
diagrams are arcs of parabolas. Thus: 


$cx = Ft (l—x) + pf. (3) 


Inserting the values of cand f obtained above, we obtain the 
following quadratic: 


$x’?n=#(1—x)? +pm(u—x). 


Solving the quadratic we have: 


2 


x= : | eee 
2 (n—l) 


—(4*822) +s nt m’ + p[6m (u{n—1] + })] 


Having obtained x, we may compute c and f, and finally 
obtain the moment of resistance of the section. Taking moments 
about the neutral axis, we have: M = 


Eps. qos Spx (u—x)* 
ake (E¢ ae: 12 (I— x) me 1—x m o 


No useful development will result from the substitution in 


Eq. (5) of the value of x, obtained in general terms in Eq. 4. In ~ 


practical computations n,* m,u and p are given; x is then com- 
puted from (4); c and f computed from (1) and (2); finally the 
moment of resistance is computed from (5). 

It may be said that these computations are somewhat 
tedious, but that it would be practicable for a designer after a 
few days of work to tabulate all the beams falling in a given 
range of design. As inthe case of problems in hydraulics, dia- 
grams would greatly facilitate computation. 

These equations given above are to be applied to compute 


*If n=l, Resa gk oP ae 
4+3pm 
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the load at the point A. At the load corresponding to the 
cracking of the concrete in the tension face, these equations 
should be modified to correspond with the fact that the stress- 
strain diagram for the concrete in tension is more nearly a 
rectangle than a parabola. The difference, however, between 
the results at the time of the appearance of the crack due to the 
assumption of a rectangle or a parabola is small. With proper 
values of n and m the equations may be allowed to stand. 

When, however, the crack having formed itself, extends 
throughout the lower region of the cross-section, the equations 
must be modified by the omission of the effect of the tensile 
forces due to the resistance of the concrete under tension. 

We have then: 


8 


$cx =pf or, p (u—x) = Fx", eee saa ae (4)! 


c 


which serves to locate the neutral axis. When f is assumed to 
be the elastic limit of the reinforcing metal c may be computed. 
As noted above, in the stone-concrete beams tested by the writer, 
the elastic limit of the iron was reached before the concrete failed 
in compression. 

The resisting moment of the section is then 


M = bh’ | Sex! + ptiu—x) } Paseo (5)! 
12 


CoMPARISON OF THEORY AND EXPERIMENT. 


The loads carried by the stone-concrete beams as tested and 
recorded will now be compared with the loads computed under 
the application of the foregoing equations, using the elements of 
strength of the constituents as found by actual test. For this 
purpose the stone beams at the age of one month will be used. 
The values assumed are as follows: For the point A, n= 2, 
corresponding to c = stress below 750 ibs. per sq. in.,andm = 12. 
The tensile strength of the concrete, t, is 300 tbs. per sq. in. 

For the load at first crack, n = 12, corresponding to c= 
I 500, m= 90; t is assumed to be 300, with an elongation of 
1:1000. For the point of failure, f is assumed to be 36 000 
in Eq. (4)! and (s)'. The results of this comparison of theory and 


12 
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experiment are given in Table VI and Fig. 8. The gross loads in 
Table VI, from theory, are corrected to be net loads in Fig. 8 by 
subtraction of one-half of the weight of the beam. It may be said 
in general that the agreement between theory and experiment is 
more satisfactory than could be expected when the nature of the 
constituents is considered. It is a well-known fact that two pieces 
of concrete made under similar conditions do not show concordant 
tests. This sat- 
isfactory agree- 
ment in Table VI 
is partly due to 
the uniform re- 
sults obtained 
from the tests 
on these beams. 
It is a fact that 
the method of 
loading and sup- 
port in flexure 
tests is mechani- 
cally more perfect 
than in case of 
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Stone Concrete Beams, |:2:4. Computed Valves of tension and com- 
Comparison of Theory and Test. at Stages of Loading. pression tests. 
Fic. 8. Diagram showing Comparison of Theory and Test for The agreement 


Reinforced Concrete Beams. 
between tests and 


theory in case of point A would have been closer if the values 
of nand m had been slightly increased. The neutral axis rises 
as the loading increases, and f and c increase, as is shown in the 
right-hand side of Fig. 8. 


CONCLUSIONS. 


While realizing the imperfections in carrying out a some- 
what ambitious program, which involved a great deal of labor 
and observation, and recognizing the fact that many minor points 
are left without discussion, as for instance the shrinkage stresses 
arising from rich mixtures, the effect of vibration in loosening 
the adhesion, the equations for double reinforcement, the writer 
feels that he is justified in the following conclusions: 
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1. The nature of the load-deflection diagram for the case of 
flexure of reinforced concrete beams is established (Fig. eB). 

2. The representation of the stresses over the cross-section, 
as shown in Fig. 7, forms a working basis for analysis. 

3. The equations given for the purpose of computing the 
loads corresponding to the three characteristic points of the load- 
deflection diagram may be expected to give true results when 
the proper constants are inserted. 

4. In designing 1-2-4 stone-concrete beams the load at point 
A may be computed using values of n and m of 2 and 12, respec- 
tively. The load at first crack in the tension flange may be 
computed by using values of n and m of 12 and go, respectively. 
The variation between theory and experiment was, on the 
average, nearly 8% when the constants were used. 

5. Using ‘hese equations and these values of n and m the 
designer may decide on the factor of safety obtaining in any 


’ given design. 


6. Indications are Siren of the effect of varying the materials 
and age on the strength and flexibility of such beams. 

7. The resistance due to tensile forces on the cross- 
section under the working loads is an important element in the 
strength of a reinforced concrete beam. 

8. Using equations given above the moment of resistance 
at point of first crack of these 1-2-4 concrete beams with rods 
one inch from tension face may be computed from formula, 
M = Kt bh? where k has the following values : 


Bor x per cent reinforcement, K=o.84 
ROT We Guc lemma ss K=1.01 
ORE 2 OMe ws % K =1.31 


t is tensile strength of concrete, about one-tenth the compres- 
sive strength. For other mixtures this value of k depends on 
ratios of moduli of elasticity of concrete and steel. 

The experimental values k t = K* for os tested above 
are given as follows: 
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TABLE VII.—ExpERIMENTAL VALUES OF CONSTANT IN EXPRESSION 
FOR MoMENT OF RESISTANCE OF REINFORCED CONCRETE BEAMS 


Beam. Reinforcement. 
Amount and Depth- 
Stone 1-2-4 1 %—1 inch, 
ra I %-—2 ce 
“6 2 %—1 ee 
ce 2 %—2 oe 
ae I %—2 Ce 
os None. 
a None. 
Cinder 1-2-4 2 %—1 “ 


The values of K’ in this table require that the dimensions of 
the beam be expressed in inches and the resulting moments of 
resistance M at point of first crack will be in terms of inch- 


pounds. 


In the judgment of the writer the safe moments of resist- 
ance of these beams may be computed from values of K* equal 


Age 

1 month. 
te. 
“ 


“es 


7 days. 


18 days. 
17 days. 


to one-third of those quoted in Table VII. 


Klin Formula, 
M =Kibh 
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EFFECT OF VARIATIONS IN THE CONSTITUENTS OF 
CAST IRON, 


ISS AW. (Go Syetovinm 


It is proposed to describe in this paper the influence of the 
metalloids on cast iron as observed under practical conditions, 


without re. ard to theory. 


The J. I. Case laboratory, where experiments have been 
made in this line, was established solely for commercial purposes, 
and no expense has been spared to obtain practical results. This 
laboratory does the work for five grey iron and three malleable 
iron foundries, and tests are made on various sizes of both 
round and square bars. Particular attention has been paid to 
the influence of the metalloids on cast iron, and from results 
obtained during a period of five years we are inclined to believe 
that the old-fashioned 1-inch square test bar is more sensitive 
to the variations in cast iron than any other. Two of the 
foundries in particular use this style of bar, one concern uses 
a one-half inch square bar, one foundry a bar two by one inches, 
and the others a round bar one and one-eighth inches in diameter. 

All of these foundries are mixing by analysis, and have their 
raw material tested, 7. e., pig iron, fuel, etc. A physical test is 
made on the bars every day and a chemical analysis twice a week. 
Consequently we have a record of the actual mixture, the physi- 
cal test and chemical composition of the iron produced by the 
different foundries, constituting a series of comparisons free from 
any prejudicial influence. 

The most important results as to the influence of the metal- 
loids have been obtained from castings and test bars made by two 
foundries in particular, which are located in different cities, and 
make an entirely different line of castings. The only thing in 
common with these two concerns is their test bars, which are of 
the same size and similar in other respects, except in the matter 
of gating. The bars in question are one inch square, cast hori- 
zontally, in sand, and run against an iron yoke, the ends of which 
are exactly 13.333 in. apart. The object of the yoke is to deter- 

(18r) 
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mine the shrinkage and chill. The shrinkage is measured by 
placing the bar in a laboratory yoke fitted with a micrometer; 
deducting one-tenth gives the shrinkage per foot. Three bars 
are cast in yokes, and one bar in the sand without a yoke. The 
three yoke bars are used for a transverse test, laid on supports 
12 in. apart and the load applied in the middle. The sand bar 
is used for a tensile test, and is given an allowance of 8 in. 
between the grips of the testing machine. All bars are tested 
on a Riehlé automatic screw power testing machine. 

In addition to the square bars we also have for test the round 


bar previously spoken of, but in this case the bar is cast verti- 


cally (no yoke being used), and is accompanied with a fluidity 
strip. Chemical analyses are made from drillings taken from 
the bars or from blocks made in the mold with the bar. Carbon 
determinations are made on the bars, blocks, and castings. 
The ratio of the carbons usually varies according to the size of 
the casting. 

In addition to the transverse and tensile test, we frequently 
submit the bars to a torsional strain, and to shock, determining 
the resistance to impact by means of the “drop test.’”’ The 
hardness of the iron is determined by means of the “‘ Bauer Drill 
Test ’’ and an electrical register. 

In a general way the physical tests applied to cast iron are 
those relating to the practical features most desired by the 
manufacturer, viz: 

Good strength, with a close grain. 

Material not too hard to machine. 

Shrinkage to correspond with the pattern. 

In addition to this, the manufacturer expects the iron to be 
free from blow holes, cold shuts, scabby iron, etc. Some of these 
defects may be eliminated by manipulating the constituents of 
the mixture, others must be corrected in the molding. 

In most cases where the iron is not mixed by analysis, every 
defect or poor batch of castings is blamed upon the pig iron or 
coke; on the other hand, when mixing by analysis, the molder 
is the party to suffer, especially if the chemist is running the 
foundry. In the event of the foundryman and the chemist 
working in harmony, it is not a difficult task to get at the truth 
of the matter, and soon remedy such defects. It is customary 
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for founders mixing by analysis to adopt certain mixtures for 
their various grades of cast iron, such as a ‘‘Cylinder Mixture,” 
“Pulley Mixture,” etc., or to classify the iron as, Soft, Hard, and 
Medium. 

No general rule can be given for the exact content of silicon, 
sulphur, etc., that will produce precisely the same iron in different 
shops, as will be shown by the following example: 

Mr. A. makes his cylinder mixtures on the formula of 1.50% 
of silicon and leaves the cylinders in the sand to anneal; the 
result is a soft close-grained iron. Mr. B. copies the formula, but 
uncovers the castings as soon as possible, because he is in a hurry 
or does not have floor space; the result is an iron too hard to be 
machined. Now, if B. had made his cylinders with 1.80% of 
silicon, he would have obtained the proper iron. This goes to 
show that the main controlling element in iron is carbon. 
Carbon, however, is influenced by the other metalloids, and the 
amount of these constituents present will govern the final result, 
as shown by the strength, deflection, shrinkage, chill, etc. 


The influence of Silicou.—The metalloid silicon exists in 
three allotropic modifications, one amorphous and two crystal- 
line. Silicon was first obtained by Berzelius in 1823 from the 
silico-fluoride of potassium by the action of fused potassium 
thereon. It appears, when thus obtained, as an amorphous (7. ¢., 
non-crystalline) powder of a dull brown color, which smears the 
fingers like plumbago. 

One form of the crystalline silicon resembles ‘graphite, both 
in regard to its flaky form and dark color. The other crystalline 
variety is known as “diamond silicon,” and crystallizes in the 
form of needles, having a steel-grey color. Heated without free 
access to the air, the amorphous silicon is changed into the 
crystalline variety and heat is developed; heated otherwise it 
readily burns until it becomes coated with oxide, which prevents 
further oxidizing. The crystalline silicon does not burn at all, 
not even at a white heat, in pure oxygen, but, strangely enough, 
rapidly burns at a cherry-red heat in carbonic acid gas. When 
metallic silicon (Si.) is converted into oxide it becomes a white 
powder and is called silica (Si O,). Oxide of silicon or silica, is 
nothing more or less than pure sand. 
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As to the influence of this peculiar metalloid on cast iron, we 
may mention that its effect on carbon is such, that between 
certain points the iron is either soft or hard, the degree of 
hardness increasing or decreasing with the amount of silicon 
present. In a general way, silicon from 1.00 to 4.00% in cast 
iron acts as a softener, below 1.00% it begins to harden and 
produce ‘‘chill,”” the degree of hardness and chill increasing in 
given ratio as the silicon decreases. Above 4.00% it begins to 
harden and takes on the peculiar property of what is called 
“rotten shortness.” The higher the silicon the more short 
and weak the iron will be. As an example, a pig of No. 
2 iron with about 2.00% of silicon is hard to break with a 
sledge hammer, whereas a pig of ferro-silicon with about 
8.00% of silicon is easily broken by letting it fall on another 
piece of iron. 

With the other metalloids constant or in a normal condition, 
cast iron will attain its maximum of softness with silicon between 
2.30 and 3.50%, and a very remarkable feature in this respect 
is that the average point between, or 2.90%, produces an excep- 
tionally soft iron. High sulphur destroys the effect of silicon as 
a softener, one point (.o1) of sulphur being equal to about rs 
points (.15) of silicon in this respect. (See sulphur.) 

The requisite amount of silicon in castings. to produce a 
product that will machine easily depends on several conditions, 
1. @., the thickness of the casting, the time of cooling, and the 
desired grade of iron. For small thin pulleys, the silicon should 
range from 2.30 to 2.80%. For medium-sized castings it may 
run from 2.00 to 2.50%, and for large work from 1.50 to 
2.00%, 

The time of cooling has a great influence on the softness of 
the iron, especially in the case of low silicon. For instance: 
a casting with 1.50% of silicon, left in the sand until cool, will be 
as soft as a similar casting with 1.80% which is uncovered and 
allowed to cool quickly. Castings of medium size, with as low 
as 1.00% of silicon, providing the carbons are not too low, may 
be easily machined if the material is annealed at a moderate 
temperature for several hours. As a usual thing the majority 
of the foundries shake the castings out of the sand as soon as 
possible, owing to lack of floor space, etc., in which case an 
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allowance must be made for a little higher silicon than that 
called for in an ideal mixture. _ 

Chill is greatly influenced by silicon and is in a measure 
entirely dependent upon the amount present. Low silicon gives 
an increased chill, while high silicon acts in a directly opposite 
manner. With silicon above 1.25%, the other metalloids being 
normal, there is little or no chill in medium and large-sized 
castings. The per cent. of silicon calculated to produce a given 
chill may be approximated as follows: 


1.00 per cent of silicon is equivalent to 1-8 in. chill. 
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Carbon, sulphur and manganese are strong factors in regu- 
lating the chill; total carbon low, sulphur high, and a given 
amount of manganese, can increase chill in a wonderful manner. 
With total carbon and manganese normal, an increase of sulphur 
will make a radical change in the depth of the chill. In some 
foundries making chilled work it is customary to introduce a 
small amount of iron sulphide to obtain a given chill. A high 
carbon will give a hard, shallow chill, while a low carbon gives a 
soft but deeper chill. Chillis governed to a great extent by the 
cooling of the metal, suddenly cooled iron taking more chill than 
an iron cooled slowly; hence the difference in using a large or 
small chill block. Pouring the iron vertically or horizontally also 
gives different results. 

Shrinkage is the one particular feature in cast iron which 
depends more on the influence of silicon than any other metalloid, 
and it is possible now to govern the shrinkage in a practical 
manner for commercial purposes. Szlicon decreases shrinkage in 
a given ratio, and as nearly as can be determined by actual 
practice, every 0.20 % of increase in silicon is equivalent to about 
o.o1 in. per foot decrease in shrinkage. Sulphur has a stronger 
influence and increases the shrinkage more than silicon decreases 
it, but does not have so wide a range; hence, unless the sulphur 
is abnormally high, the silicon is the controlling element, In 
depending upon silicon to decrease shrinkage, attention must 
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be paid to the other metalloids present; thus, with high phos- 
phorus, which also reduces shrinkage, the result is proportionally 
larger. Manganese with a high silicon helps to reduce shrinkage 
by neutralizing the effect of sulphur, but when high enough to 
change graphite into combined carbon it acts slower, and in some 
cases just the reverse. 

A very noticeable feature about the shrinkage of cast iron is 
that a bar taken from the first part of a heat has generally a 
greater shrinkage than one from the latter part of the heat, the 
silicon being the same; this is due to a difference in the carbons, 
blast, temperature, etc. High silicon iron is very fluid when in 
a molten state; it is necessarily very hot, as every 1% of silicon 
that burns causes a rise in temperature of about 570° F., con- 
sequently contraction must be greater than in a low silicon iron. 

The loss of silicon in the cupola will generally range from 
0.15 to 0.25%, or an average of 0.20%. In calculating mixtures 
it is the rule to subtract 0.20% of silicon for loss due to com- 
bustion or oxidation. This 0.20% is subtracted from the final 
result; thus, if the computed “‘estimate”’ is 2.65%, the ‘“‘actual”’ 
amount in the castings would be 2.45%. The maximum 
hardness of cast iron is obtained with silicon under 0.80%, 
medium hard at about 1.90, and very soft at 2.90%. At 4.00% 
it begins to harden somewhat, increasing slightly as the silicon 
rises, and becoming quite hard at 8.00 to 10.00%. 

In regard to strength, silicon plays an important part, very 
low or extremely high silicon imparting less strength than the 
intermediate amounts. The following table illustrates the 
influence of silicon on strength: 


Per cent. Transverse Tensile 

of Silicon. Strength. Strength. 
0.20 = 2 600 lbs. 20 500 lbs. Extremely hard. 

50 = 2800 “ 2ASSOO uns Very hard. 

1.00 =) |) 3.00085 = “ascoo Hard. 
T4On =" 30Culs 20)50Onm: Medium hard. 
le) = A Gleley Qt 5eoTn: Medium soft. 
262 Ome = a2 Ooms 30 000 “ Soft. 
2.508 nO Oma PNoy fofolo) | Very soft. 
3.002 COOMA 24 5008 Extremely soft. 
3750) =" 700 ~ 22,500) > Slightly hard. 


These figures are only approximate, the two lower silicons 
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are doubtful, but from 1.00% up the results are fairly accurate 
as an average of many tests, and agree closely with other experi- 
menters. It will be noticed that the highest transverse strength 
is with silicon at about 1.40%, and the highest tensile strength 
at 1.90%. It is almost impossible to obtain accurate figures on 
strength as influenced by silicon, owing to the constant change 
in the carbons. 

Likewise a change in the manganese, phosphorus and 
sulphur makes a great difference, yet with manganese at 0.50, 
phosphorus at 0.70, and sulphur not above 0.085% (normal 
conditions for Southern coke irons), or with phosphorus at about 
0.40 in Northern irons), it may be safely said that the best results 
in transverse strength are obtained with a silicon content ranging 
from 1.30 to 1.50%, and the highest tensile strength between 
1.60 and 2.00%. 

In conclusion, silicon softens iron, imparts fluidity, decreases 
Shrinkage, opens the grain, promotes the formation of graphite 
carbon, and reduces the strength. 


The Influence of Sulphur.—Sulphur has a great affinity for 
iron, and unites with it to form sulphide of iron. Iron pyrites, 
a gold colored metal, with the formula FeS,, contains about 
53.33% of sulphur and 46.67% of iron. It is intensely hard, 
but somewhat brittle. Ferrous sulphide, or sulphide of iron, as 
it is more frequently called, has the formula FeS, and contains 
about 36.36% of sulphur and 63.64% of iron. It is of a dull 
black color, very hard (not so hard, however, as pyrites) and 
very brittle; in fact, is “rotten short.”’ 

When pig iron is melted in the cupola it not only retains its 
original content of sulphur, but absorbs considerable more from 
the fuel. The amount of sulphur absorbed by iron in melting 
depends upon certain conditions, 7. e., the time the molten iron 
is in contact with the coke; the degree of temperature; the 
amount and quality of the flux; the blast, and the size of the 
cupola. Most of the foundries at the present time use coke for 
melting, especially is this true in cupola practice, although we 
occasionally find some using a mixture of coke and coal. Foundry 
coke usually carries from 0.50 to 1.50% of sulphur, Lehigh coal 
ranges from 0.30 to 0.90%, and Splint coal from 0.30 to 2.50%. 
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All foundrymen desire a low sulphur coke, but as a rule the 
very low sulphur cokes are light in structure; consequently when 
structure is taken into account it will be found that the strong 
cokes will seldom be below 0.75% in sulphur, even in coke made 
from washed coal. In melting iron in a cupola a large amount of 
the sulphur from the fuel is carried off as calctum sulphide in the 
slag, the calcium (lime) of the limestone flux having quite a 
strong affinity for sulphur. A high temperature favors the 
expulsion of sulphur by driving it into the slag; on the other 
hand, a low temperature has a tendency to make it unite with 
the iron. Ifmuch manganese be present still more sulphur will 
be eliminated. Silicon also has a tendency to throw out some 
sulphur owing to the fact that it raises the heat of combustion. 

In the average cupola, lined up to, say, a diameter of 60 
or 62 in., and working under favorable conditions, the sulphur 
absorption will vary from 0.03 to 0.05%, but more often as 0.05%. 
To illustrate this, we will suppose that the coke analyzes 0.70% 
of sulphur. Now, 0.05% of 0.70 is 0.035%, the amount which 
must be added to the initial sulphur in the iron. 

In estimating the sulphur in a mixture which figures out 
0.055% of sulphur for the pig, the castings will have 0.055 plus 
0.035 or 0.090% of sulphur. In many reverberatory furnaces 
the absorption figure is often less than 0.03% of the sulphur in 
the fuel. Sulphur hardens iron, one point, or 0.01%, offsetting 
about fifteen points, or 0.15% of silicon as a softener. It not 
only makes the iron hard, but produces both ‘‘red shortness”’ 
and ‘‘cold shortness” if very high. 

Sulphur up to a certain point increases the strength, the 
greatest strength in cast iron fit to use being at about 0.150% 
for low phosphorus iron, and at 0.095 for a medium high phos- 
phorus iron. One point (0.01) of sulphur is equivalent to about 
50 Ibs. increase of strength. This strength is obtained by the 
sulphur changing the graphitic carbon into the combined form, 
therefore cannot be entirely credited to sulphur. For frictional 
wear, high sulphur iron gives very satisfactory results, as it 
closes the grain and increases hardness. 

Sulphur increases shrinkage and chill, its energy in this 
respect being great. Every 0.03% increase in sulphur corre- 
sponds closely to .or in. per foot increase in shrinkage. It is, 
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however, quite impossible to calculate shrinkage by sulphur, 
owing to the fluctuation of the carbons. 

Chill is induced by sulphur, and as before stated, some 
founders introduce sulphide of iron for this purpose, but it can- 
not be recommended, as it produces a brittle chill, and stamp- 
shoes for mining machinery made in this way, which at first gave 
good satisfaction, soon went to pieces, probably from the effect 
of repeated shock. 

Sulphur gives rise to “blow holes;”’ it also favors ‘dirty 
iron,’ especially when the manganese is low. By increasing the 
manganese the evil effects of sulphur are neutralized and the 
blow holes almost completely eliminated. Sulphur in cast iron 
may be pretty high if sufficient manganese be present; with 
manganese at 0.30 the sulphur should not exceed 0.065%, but 
with 0.60% of manganese an iron with 0.095% of sulphur will 
produce good castings, while a fair grade of cast iron may be 
produced which contains 0.75% of manganese and as high as 
0.130% of sulphur. 

Sulphur with high phosphorus produces a weak, brittle iron, 
in which it will be noticed that the shrinkage is not excessive, 
but that the chill is entirely different in nature, and that the 
deflection in a transverse break is at a minimum. In the case 
of low sulphur, phosphorus increases the strength somewhat. 
Sulphur increasing, and phosphorus decreasing shrinkage, it is 
evident that when the phosphorus is high, a high sulphur iron 
will be slightly softened. 

Sulphur has a powerful influence on carbon, changing the 
graphitic into the combined form. 

With a low total carbon, sulphur is likely to change all or 
nearly all of the graphite into combined carbon; this is often 
the reason why a high sulphur iron made into thin castings 
produces hard white iron. With an extremely high total carbon 
a strong, close-grained iron is the result with high sulphur, but 
with high silicon, the strength is reduced and the bar breaks 
“dead,” that is, there is no snap to the metal when it breaks. 

The influence of sulphur to keep the carbon in the combined 
state is greater than that of silicon to make graphitic carbon; 
hence the strain in iron with excess of sulphur, carbon and silicon. 
Sulphur has the property of driving out carbon, and if the sulphur 
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be high enough the carbon will be almost completely driven out, 
as iron sulphide and iron carbide seldom unite. Sulphur lowers 
the melting point of iron, but the molten iron is generally 
‘sluggish’? and congeals quickly, thus enclosing escaping gases 


‘and thereby forming blow holes. The consistency of molten 


iron high in sulphur, tends to prevent the dross, kish, etc., from 
rising to the surface; hence dirty tron. 

With sulphur and phosphorus low and silicon not too high, 
castings may be produced which will bend to quite an extent, 
and which may even be punched. From this it may be inferred 
that a low sulphur and phosphorus, with other metalloids normal, 
will produce an iron with a high deflection. 

In conclusion, sulphur may be termed a very detrimental 
mental element, and one that makes the tron hard, increases 
shrinkage, promotes chill, causes the iron to congeal quickly, and 
gives rise to blow holes, shrinkage cracks, dirty iron, etc. 


The Influence of Phosphorus.—The special features claimed 
for phosphorus are, that it makes the iron fluid and decreases 
shrinkage. Above 0.80%, phosphorus begins to impart “cold 
shortness,’’ 2. e., makes the iron brittle or short when cold. 
Above 1.20% it begins to harden the iron by causing the 
graphitic carbon to assume the combined form, and above 
1.60% it is so “hard short”’ that a very light shock will break 
the castings. 

The more combined carbon present, the lower the phos- 
phorus must be; thus, in chilled work the phosphorus should be 
kept down very low, say under 0.30%, where the combined 
carbon is liable to be 1.00 or 1.50%. In malleable castings with 
low silicon it is customary to keep phosphorus below 0.20%, in 
fact the lower the better. For ordinary grey iron the limit of 
safety is placed at 0.70%. For thin, soft castings, where 
strength is of minor importance, the phosphorus may be allowed 
to run up to 1.00 or 1.25%; such a mixture will run easily and 
fill every part of the mold. 

High phosphoric iron, on account of its great fluidity, 
readily permits the dross to rise to the surface; therefore the 
iron is seldom dirty. High phosphorus with high silicon pro- 
duces an extremely fluid iron, but it has very little strength. 
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If the silicon be low, then the phosphorus will affect the carbons, 
changing the graphitic carbon into the combined, in which case 
there will be an.increase of strength. 

Phosphorus and sulphur working in opposite directions, 7. e., 
by decreasing and increasing shrinkage, will produce a hard 
brittle iron, which will be very susceptible to internal strains,. 
and result in chill or contraction cracks. High phosphorus and 
low sulphur seem to go well together. Phosphorus with high 
manganese gives a hard iron with very little deflection, a fact 
due to increase of combined carbon. In certain cases where 
silicon is high and sulphur low enough not to materially favor 
combined carbon, a high manganese will greatly offset the cold 
shortness due to high phosphorus. 

In regard to shrinkage, it may be assumed that one point 
(0.01%) of phosphorus is about equal to three points (0.03%) of 
silicon in its power to reduce shrinkage. Cast iron intended to 
withstand high temperatures should be low in phosphorus and 
sulphur, and if combined carbon be low and graphite high, the 
effect is stronger still. 

In making mixtures by analysis no correction is made for 
phosphorus, as there seems to be neither a gain nor loss in the 
cupola, and the small amount of phosphorus in the coke is too 
small to be taken into consideration in grey iron mixtures. 

As a rule, it may be taken for granted that phosphorus 
lowers the melting point of tron, imparts fluidity, decreases shrink- 
age, weakens the iron, and makes it “cold short”’ or brittle under 
ampact (1. e., shock). 


The Influence of Manganese.—Manganese tends to keep the 
carbon in the combined state, hence it causes the casting to be 
white, unless its influence is counteracted by high silicon or an 
excess of graphite. Large castings, remaining fluid longer and 
cooling slower, will bear more manganese than small ones. Large 
castings may contain as high as 1.00%, medium-sized, 0.60, and 
small thin work 0.30%, without detriment. The normal average 
manganese content in grey iron castings is about 0.40%. With 
high silicon (2.30 to 2.80%) large castings may contain 1.25 and 
small ones 0.60%, without being hard. Large castings with 
manganese above 1.40, or small ones at and above 0.70%, begin 
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to harden, and the thin parts are inclined to become white. With 
low silicon the whole of the iron is liable to be white, especially 
if cooled quickly. 

Manganese has a powerful effect on eaebeo changing gra- 
phitic carbon into the combined; hence it increases strength. 
shrinkage and chill. It likewise stiffens the iron, consequently 
reduces deflection. Sulphur in changing graphite to combined 
carbon produces a hard iron with a very close grain, whereas 
manganese produces an iron with a slight crystalline structure. 
Manganese has a very beneficial effect on high sulphur iron, 
neutralizing the bad effects due to brittleness, hardness and 
shrinkage. 

Iron melts at a temperature of 2 000° to 2 300° F., man- 
ganese irons from 2 200° to 2 500° F.; consequently a high heat 
is necessary to make it combine with iron. A hot working 
furnace will send the manganese into the iron, while a cold 
working furnace will drive most of it into the slag. When ferro- 
manganese is charged along with the iron in a cupola it has an 
entirely different action than when added to the molten metal 
in a ladle. In the cupola much of the manganese is lost by 
oxidation and passes off in the slag, carrying with it a large 
amount of impurities, if there be an excess of flux present. 

Manganese eliminates sulphur by forcing this element into 
the slag, providing the heat of combustion is sufficient to reduce 
the manganese; otherwise the manganese is oxidized itself and 
passes off with the limestone flux, giving a brown slag, while a 
greenish colored slag indicates that the sulphur is going into the 
slag, and consequently the manganese into the iron. 

In calculating the loss of manganese in making mixtures by 
analysis it is customary to figure a loss of from 0.10 to 0.30%. 
If the manganese is in the pig iron in its original state, the loss 
is about ten points, 7. ¢., 0.10%, but when 80% ferro-manganese 
is charged in the cupola it is customary to figure the loss at 
0.20 to 0.25%; in some cases 0.50%. 

In adding ferro-manganese to a cupola charge it will be 
noticed that the resultant cast iron contains somewhat less 
sulphur, will be correspondingly softer, have more strength and 
be free from blow holes. In adding manganese in the ladle the 
ferro-manganese is broken tp into small pieces and placed on the 
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bottom of the ladle, then the molten iron run in, stirring with an 
iron rod if necessary. Now in this case very little sulphur is 
expelled, although a slight sulphurous odor is sometimes observed, 
yet the manganese exerts itself, making the iron much stronger, 
cleaner, and free from blow holes. Ina practical way, using a ladle, 
holding say, 1 800 tbs. of molten metal, every one pound of 80% 
ferro-manganese used will raise the manganese in the castings 
about 0.045%. The usual amount charged is governed by the 
amount desired in the castings; thus, if an analysis shows the 
castings to contain 0.25% of manganese, and we desire 0.52, we 
will add six pounds of the ferro-manganese. Charging a mode- 
rately high manganese pig (1.00 to 1.50%) in the cupola gives 
better results, and is more economical than using ferro-man- 
ganese either in the cupola or ladle. 

In regard to strength, manganese under 1.00% in cast iron 
gives the best results; above 1.25% it appears to weaken the 
iron somewhat by making it too brittle, that is, for commercial 
purposes (castings, not test bars). When manganese falls to 
below 0.25% in ordinary soft cast iron (1.80 to 2.50% of silicon) 
the material is not only weak, but there is generally more or less 
trouble with blow holes, dirt, etc. On account of the influence 
of manganese on carbon by hardening iron, it is very necessary 
that the silicon be high, in order to obtain soft castings. Iron 
inclined to be hard from high sulphur is greatly softened by 
increasing the content of manganese, the one neutralizing the 
effect of the other. Manganese has no direct effect on phos- 
phorus, but when the two combined are high the result is a hard, 
brittle metal. Manganese generally causes a slight loss of 
silicon, probably due to oxidation, but the loss is so small that 
it may be ignored in calculating mixtures. 

In conclusion, manganese above a certain point hardens the 
tron, increases shrinkage and chill, reduces deflection, and changes 
graphitic carbon to the combined. Within certain limits, 7 
softens iron by neutralizing the effect of sulphur, decreases shrinkage 
and chill (from same cause), increases the strength, and improves 
the metal by eliminating blow holes due to occluded gas. 


The Influence of Carbon:—The affinity of iron for carbon is 
so great that all technically produced iron contains carbon, 
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ranging from a few hundredths of one per cent. to five or six 
percent. In the fluid state iron may contain much more carbon, 
but we have no definite figure as to how much. Iron absorbs 
carbon from the fuel, but in order to unite iron and carbon it is 
not absolutely necessary to have the iron in a fluid state, as is 
shown in the case of blister steel, where the bar iron is heated 
sufficiently long in a packing of carbon. For somewhat similar 
reasons iron may be forced to give up a large part of its carbon 
without being fluid, as in the process of making malleable 
cast iron. However, the union of carbon and iron is 
more emphatic when the iron is fluid, and the saturation 
point for carbon will depend upon the amount of fuel, the 
temperature, the blast, and the various other metalloids in the 
iron. 

Manganese favors the absorption of carbon, while silicon 
reduces the power to absorb carbon. With much manga- 
nese present the iron may contain as high as 6.00% of car- 
bon, but ordinary pig iron with manganese under 1.00% sel- 
dom contains more than 4.50%, the general average being about 
B50 Ve 

Pig iron rich in carbon may be made by raising the tempera- 
ture of the blast and increasing the fuel in the burden. In the 
ordinary foundry pig irons the highest total carbons are found 
in iron running from 2.50 to 3.50% of silicon, especially coke 
irons. Some charcoal irons with a low silicon contain much 
carbon; this is but seldom true of the coke irons. 

Carbon is present in iron in two or more distinct forms, but 
only two variations have been investigated sufficiently for com- 
mercial purposes, viz, free or uncombined carbon, generally 
termed graphitic carbon or graphite, and combined carbon, a form 
in which the carbon is united chemically with the metal to form 
carbide of iron. The ratio of the two forms of carbon regulates 
the grade of iron, and the metalloids, silicon, sulphur, phos- 
phorus and manganese, in conjunction with temperature, govern 
the proportion of the two different forms. Temperature as a 
rule has more to do with changing the form of the carbon than 
anything else, but even this is held in restraint to a great extent 
by the metalloids. 

‘In a pig iron containing a total carbon of 3.50%, the other 
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metalloids being about normal, the ratio or standing of the 
carbons will usually be as follows: 


Combined carbon = 3.00 per cent. 
Graphiticicarbon) = so, * 
POvale ens oO 


Combined carbon is the hardening element, graphite the 
softener. Combined carbon hardens the iron, increases shrink- 
age and chill, lowers deflection, imparts stiffness, closes the grain, 
and increases the strength. Graphitic carbon is free graphite, 
present in the iron as a mechanical mixture; hence it materially 
weakens the metal. It usually opens the grain, causing the iron 
to be highly crystalline; it reduces shrinkage and chill, makes 
the iron soft, and in some cases causés a rise in deflection. 
Combined carbon lowers the melting point of iron, graphitic 
carbon raises it; consequently a white iron will melt easier than 
grey iron. When molten iron is quickly cooled or chilled, more 
or less of the graphite is changed to combined carbon. 

For instance, cast iron with a total carbon of 3.50%, might 
by slow cooling contain 3.00% of graphitic and 0.50% of com- 
bined carbon; on the other hand, if chilled, it could contain 
0.50% of graphitic and 3.00% of combined carbon. If much 
silicon were present then it would be a difficult matter to make 
such a radical change, but with a high manganese there would 
be very little resistance. 

In melting pig iron in a reverberatory furnace there is 
generally a loss of carbon, in some cases a large amount, but in - 
the cupola the result is different, there being sometimes a loss, 
while at other times there is a decided gain. An excess of fuel 
and a high blast increases the carbon: an oxidizing flame, rusty 
scrape, etc., reduces it. The longer the iron is in contact with the 
fuel the more carbon and sulphur it willtake up. This accounts 
for the uneven results shown in tests of iron taken from different 
parts of the heat. Iron melted and poured very hot will usually 
have a lower combined carbon than one poured dull, owing to 
the fact that the hot iron will be longer in cooling in the mold. 
The richer the iron in carbon, the more liability to separation of 
graphite in solidifying. Evidently iron in the fluid state contains 
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only combined carbon, because if it contained graphite this 
would come to the surface, being so much lighter than iron. 

The formation of ‘‘kish”’ is due to the fact that the hotter 
the iron the more carbon it can contain, consequently when 
cooling the excess of carbon must be forced out, and the kish 
(2. e., free graphite) being lighter, comes to the surface, and in 
some cases rises up in a cloud from the ladle, covering everything 
around with a coating of fine dust or graphite. Kish is very 
liable to occur in high silicon, carbon irons, containing a low 
percentage of manganese. Kishy iron is generally very weak 
and the castings are full of dirt. (Note: The word “dirt” is the 
foundry term for mixtures of slag, oxide, graphite, etc.) When 
manganese is high there is seldom any trouble from kish, but man- 
ganese pig is not always at hand, in which case the evil may be 
prevented by adding about 50 tbs. of scrap steel or wrought iron 
to every 2 000 ibs. of pig iron and scrap in the charge. A large 
percentage of scrap, either foreign or home, will reduce the excess 
of carbon in most cases. Shot iron will do the same thing, and 
high sulphur will restrain it, but the safest way is to add the 
steel scrap. 

In recapitulation, it may be said that, combined carbon closes 
the grain of the tron, increases shrinkage and chill, and raises the 
strength. The maximum of hardness is with combined carbon 
at about 2.00%, and the maximum strength at a medium of the 
combined and graphitic carbon. Graphitic carbon weakens the 
tron, reduces shrinkage and chill, and makes a soft iron, which 
works well under the tool, unless exceptionally high, when it will 
be found impossible to obtain a smooth finish. 


Concluding Remarks.—This paper would hardly be complete 
without a description or illustration of what are termed ‘“‘special 
mixtures”’ for gray iron castings. 

Every foundryman and every chemist making mixtures by 
analysis has a preference for certain combinations, and naturally 
uses a mixture giving the best results under existing conditions; 
thus, if the castings are to be partly annealed or allowed to cool 
slowly, he will generally figure the silicon as low as possible, or 
to a point where extreme hardness does not interfere with the 
machining. Occasionally it happens that in a given mixture or 
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grade of iron more strength is desired, or a closer-grained iron 
wanted, without materially changing the silicon content; this 
effect may be obtained by changing some of the other con- 
stituents. 

For Ammonia Cylinders (ice machinery), Air Compressors, 
etc., the following mixture is taken as a standard: 

Silicon, between 1.20 and 1.60%, where castings are allowed 
to cool slowly, or are annealed. If not annealed, then silicon 
should be between 1.60 and 1.90%. Sulphur should not exceed 
0.095%, on account of hardness, but with a high total carbon it 
may run up to 0.150% without detriment, although with high 


sulphur there is always a chance of hard iron and excessive 


shrinkage, especially in low silicon mixtures. Phosphorus 
should be kept below 0.70%, and if great strength is wanted, it 
should be much lower, say 0.40. Manganese should not exceed 
0.60%, except in case of high sulphur, when it may rise to 
0.80%. 

The above mixture will produce a hard, strong, close grained 
iron. In some cases where the carbon is extremely high, it will 
be found necessary to use considerable scrap in order to reduce 
the open grain, some foundries using steel scrap for this purpose, 
others using home or foreign cast scrap. 

When a leaky cylinder occurs it is not always necessary to 
discard it on this account, as it is an easy matter to remedy such 
defects. A solution of iron chloride, made by dissolving iron 
drillings, etc., in muriatic acid until the acid fails to dissolve 
more iron, is poured into the cylinder, or the cylinder washed 
over with the solution; then ammonia water is introduced, and 
steam or air pressure applied, driving the iron hydroxide into 
every pore. When dry the cylinder will be tight. 

Medium iron for Engine Cylinders, Gears, etc., may be made 
on the following formula: 

Silicon, 1.40 to 2.00%. 1.50% silicon gives the best results 
for gears, and 1.60% for steam cylinders. 

If the castings have thin parts and have to be shaken out 
of the sand quite soon, the silicon should be raised ten or twenty 
points. 

Sulphur should generally be kept below 0.085, but if the 
manganese be high (0.60 or 0.70) the sulphur may be allowed to 
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run up to 0.100%. The lower the sulphur the softer the iron. 
Phosphorus should not exceed 0.70%. Manganese should be 
between 0.30 and 0.70%. 

Soft iron for Pulleys, Small Castings, etc.: Silicon should be 
between 2.20 and 2.80%. The ideal mixture is 2.40% of silicon. 
Sulphur should not exceed 0.085%. If above 0.095 there is 
liable to be trouble with hard iron and shrinkage. Phosphorus 
may be allowed to run up to 0.95% in small thin work, but if 
strength is wanted it will be advisable to keep it down below 0.70. 
Manganese may be between 0.30 and 0.70. 

It is quite impossible to give the exact strength of the iron 
for each mixture, but the approximate transverse strength of the 
‘‘Hard Iron” should be 2 800 tbs., the ‘‘Medium Iron” about 
2 500 Ibs., and the “‘Soft Iron” about 2 200 tbs. 

The strength in any one of the irons may be raised by 
increasing the manganese content, or lowering the graphite. 
Thus in the ‘“‘ soft iron” with manganese at 0.30% and a trans- 
verse strength of 2 200 tbs., a strength of 2600 tbs. will be 
obtained with manganese ato.70. For all purposes (in soft iron) 
manganese between 0.40 and 0.60% gives the best results. For 
obtaining specified results the following points may be con- 
sidered, any one of which will produce the desired effect. 

To raise the strength: Reduce the amount of graphite. Reduce 
the phosphorus. Reduce the silicon. Increase the manganese. 
Increase the combined carbon. 

To reduce shrinkage: Increase the silicon. Increase the 
graphitic carbon. Increase phosphorus. Reduce the sulphur. 

To prevent blow holes: Reduce the sulphur. Increase the 
manganese. 

To prevent kish : Reduce the graphite by increasing scrap, 
or raise the manganese. 


In conclusion, a few facts in regard to test bars, etc., deserve 
mention. 

A square test bar, cast flat, will show many more defects, 
such as blow holes, shot, dirt, etc., than a round bar cast verti- 
cally; furthermore, the transverse strength will be increased 
from two to three hundred pounds if broken with the gate side 
up. Tumbling the bars, either round or square, increases the 


Scott oN THE CoNnsTITUENTS OF Cast IRON. 199 


strength from one to three hundred pounds. Pouring hot iron 
into damp sand also increases the strength. Deflection increases 
with the strength unless the bar be extremely stiff from the 
presence of high manganese, or cold short from excess of phos- 
- phorus. Cold shuts are more of a physical defect than due to 
chemical composition; consequently, like scabby iron, they must 
be considered in the molding. 

? In making mixtures by analysis it is customary to allow the 
foundryman or mixer a leeway of 0.10 to 0.15% on silicon, and 
0.005 to 0.010% on sulphur. The moment the scrap exceeds 
one-half of the total mix, then the unknown quantity exerts 
itself; consequently foundries using much scrap should be willing 
to accept results within the above-named figures. 


Mr. Moldenke. 


Ms Whitney. 


DISCUSSION. 


R. G. Motpenxe.—In the first part of his paper Mr. Scott 
states that the one-inch test bar has given about the best satis- 
faction all round, and at the end of the paper he states that the 
one-inch test bar shows more defects and gives different results 
and that for this reason we should not use the one-inch test 
bar. 

I have made probably 85 000 to go ooo tests with one-inch 
test bars on malleable cast iron, and probably 10 000 tests on 
gray iron; and I find, that while this bar gives me all the needed 
information for my own shop practice, it is not a thing to recom- 
mend generally. We want something more natural, that will 
give truer information on the subject of iron than the one-inch 
test bar can. We want something more independent of the 
conditions that exist in the mold, of the pouring temperature, 
and of the method of cooling, etc. In order to eliminate these 
variables, as far as possible, we must increase the size of the bar. 
That is why the American Foundrymen’s Association in their 
work along these lines has gotten away altogether from small 
test bars and selected as large ones as they could, consistent 
with the testing machinery. 

Asa W. Wuitney.—Metallographic methods appear to be 
exceptionally valuable in the study and testing of white and 
mottled irons. Whereas, in the case of gray irons ordinary 
chemical analysis distinguishes two principal forms of carbon— 
graphitic and combined—it does not in the case of mottled or 
white iron indicate how much of the combined carbon may go 
to strengthen and how much to harden. The principles of 
metallography now permit of fairly correct deduction of this 
matter, that is, the amounts of pearlite and cementite, from the 
figures of a complete analysis. But by the actual practice of 
metallography these and other important details of composition 
and structure are promptly ascertained, the preparation of a 
sample requiring but a few minutes. 

The further study by metallography of such white iron test 
bars as I use in the regulation of chilling mixtures (see ‘‘Trans- 
verse Tests of Chilled Car-Wheel Metal,”’ fournal of the Franklin 
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Institute, April, 1897), will, I believe, throw such light on the 
effects of small changes of composition as to gradually allow 
omission of some of the more cumbersome physical tests. What 
Mr. Scott says in regard to certain changes in the composition of 
cast iron having a strengthening effect and others a weakening 
effect is of course true only within rather narrow limits. What 
appears to me more vitally interesting is the fact that very 
minute but complex alterations of a calculated charge of cast 
iron can be definitely counted upon to produce definite modi- 
fications on any one class of mixture. This is not usually a 
direct change, but a result of slight changes in relative rates of 
oxidation of some elements. 

PauL KREUZPOINTNER.—I believe it to be a source of grati- 
fication to this Society that cast iron is recognized to the extent 
it now is, and I hope it will continue so in the future. Cast iron 
is but a child of the same family as iron and steel; and while it 
is not a twin-brother of steel, it is very closely related. In its 
cast condition steel is merely a rock formation, and so is cast 
iron. The time is coming when the study of cast iron will lead 
to a better understanding of cast steel, and through cast steel 
we shall come to an examination of the steel ingots used for 
rolled and hammered steel. When that time shall have come, 
when the study of cast iron—the microscopic study of cast iron— 
shall have led us that far, then the steel man will examine his steel 
ingots with more interest than he does to-day, and inany an 
inferior material will not be put on the market, because of the 
knowledge gained originally by the study of cast iron. While 
this may be premature—and I know that sometimes I have been 
a pioneer in some points in metallurgy—at the same time it will 
be a natural outcome: that the study of cast iron, of cast steel, 
and steel ingots will lead to improvement in the finished material. 

Tur PRESIDENT.—It has been our custom in Altoona for a 
number of years, to examine each new pig iron that was 
brought to our attention for use in the car wheel mixture, by 
making first a transverse test of test bars cut from the pig, a 
chemical analysis, a chill test by melting the metal in the 
foundry, and a transverse test of test bars cast from the re- 
melted metal. In the course of this work it has been our habit 
to predict from the analysis, what the depth of chill would be. 


Mr. Whitney 


Mr. Kreuz- 
pointner. 


The President. 


The President. 


Mr. Moldenke. 
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Sometimes the prediction would be found to coincide very 
closely with the actual facts as obtained by test, but frequently 
the depth of chill would differ quite widely from what we would 
expect from the analysis. We put a good deal of study on this 
subject, to see if we could find out why, but as yet have not 
succeeded in locating the cause of the discrepancy. Perhaps 
some of those who are present can throw some light on this 
subject. ; : 

Mr. MoL_pvEnKE.—-I made an experiment once which gives a 
little light on this subject. It occurred in handling a malleable 
mixture with .75% silicon, .20% phosphorus, .17% manganese, 
and .o2 to .03% sulphur. I wanted to know why some iron 
would chill and some would not chill while having the same 
composition. J made a pattern that was stepped down from 
2”. to 14” by quarter-inches, in such a way that one end was a 
two-inch cube, and the other only a quarter-inch plate. In the 
melting of this iron in the open-hearth furnace, I took tests from 
the time the charge was first melted as it got hotter, and until 
the heat was ready to tap. I then took iron from the bottom 
of the bath as it was tapped and simultaneously dipped out a 
ladleful from the surface. It takes perhaps 30 to 45 minutes 
for a 12-ton heat to be run out into small ladles. The end of 
the heat is sometimes burnt or overheated, while the first part 
of the tap is sometimes cold. By taking the two tests as described 
above, I got what I considered was the hottest and the coldest 
iron at the same instant. I then broke the test castings, and 
found the thin ends all white; but when I broke them further 
back, the iron that was dipped out of the hot surface of the bath 
was perfectly white, while the iron taken from the first of the tap 
was perfectly gray.. Thus you see the effect of temperature of 
pouring. One sample of the iron was probably 300 to 400° 
hotter than the other. The composition was about the same, 
but one sample had received the full heat along the top and the 
other had not. To overcome this difficulty of unevenly heated 
iron, I designed an open-hearth furnace that had three spouts. 
This enabled me to tap 5 tons from the top first, and get the 
hottest iron; then by tapping the second spout I got 5 tons 
more, and finally I tapped the bottom spout for the last 5 tons 
of a 15-ton heat, thus always getting good hot iron. 


DISCUSSION ON THE CONSTITUENTS OF CAsT IRON. 203 


Tuomas D. West.—It is very important in making chill 
tests, to note the fluidity of the iron. With the same ladle of 
iron, in pouring two molds—the one with the iron fresh from the 
cupola and the other after the iron had been allowed to cool as 
low as possible for producing solid castings—I have found a 
quarter-inch difference in the depth of chill in 21-inch square 
bars, showing unmistakably that the temperatures influence the 
results very greatly. 

Mr. Wuitney.—In connection with Dr. Dudley’s remarks, 
it is to be remembered that certain very small differences 
are very important, whereas others, as great numerically, 
are such as to offset each other as far as their general effect on 
physical character or on some of the physical qualities is con- 
cerned. In my car-wheel mixture practice a variation of as 
little as .o3% silicon in the calculated charge must be com- 
pensated by other slight allowances, or the effect will be notice- 
able in a day or two in the daily test pieces. It may be of 
interest to show here again those two analyses discussed by 
Dr. Dudley in The Iron Age of February 29, 1886. At that time 
the differences (except in the case of sulphur) were not generally 
appreciated as very important. 


Good wheel required 150 blows of 25-tb. sledge to break it. 
Poor wheel required 8 blows of 25-tb. sledge to break it. 


Fe. (Gs, Si. Mn. Ps S. Graph. Comb. 
(total.) Cc: (On 
Good wheel ..... 94.79 3.84 69 13 43 A BBC) Gil 
Ieoonswiicel 4... G5200) 2552 65 a1) ni) MOL ASG Uoiy 


A calculation I made based on some work of Messrs. 
Carnot and Gontal and on metallographic principles indicates 
the following proximate composition and elements of structural 


composition: 

Goop WHEEL. | Poor WHEEL. 
MnS . .206) PY WWENSS BGS) 
ese, | .r2T) : Fes. ma5) hy 
FeSi . 2.045{ 5.127 Impurities. | FeSi . 1.923 { 5.768 Impurities. 
Fe,P . 2.755 J | Fe,sP . 3.335 J 
Fe,C . 8.110) 67.610 Pearlite= | Fe,C Fee Pearlite. 
Hee. oe sa 0.54 Comb. C.| Fe ...74.362 
Fe ...23.963 23.963 Ferrite. | FeC . 7.390 7.390 Free Ce- 
: ‘ | mentite. 
Cee. aigco 3-300 Graphite: Ge aes 5 Ome 2c50 Graphite: 


100.000 100.000 100.000 I00.000 
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The effect upon the structure is here shown to be enormous. 
Notice the moderate amount of ferrite, or material like wrought 
iron, in the good wheel and the total absence of it in the poor 
wheel, which has instead an excess of cementite. I assume that 
the original analysis was in each case from a heavy section of 
the plate of the wheel. While I know from practical experience 
with far smaller variations than this that enormous physical 
difference is directly due to such a variation, or kind of variation, 
as here illustrated, it is not yet clear to me how this is brought 
about; but I believe further study on the lines of metallography 
will show the exact application of the graphical charts of com- 
position and temperatures so usefully applied in the case of 
steels and the purer irons. 

Mr. West.—My experiments have shown in every case that 
the hotter metal would chill deeper. There is only one proper 
way of determining such matters by practical tests, and that is, 
in remelting the iron to use the same cupola under exactly 
identical conditions. To accomplish this, I designed what is 
called a twin-shaped cupola. It is simply a round cupola with 
a partition down the center, and two slanting bottoms, so 
arranged that when the iron is melted on one side it can be 
run out without mixing in any way with the metal on the 
opposite side. By thus using the same fuel and the same blast, 
the charges in both compartments may be melted and main- 
tained at the same temperature. 

8. 5S. VoorHEES.—Is it not assumed that the carbon of iron 
in the melted state is combined, and that anything which will tend 
to lengthen the time that the metal continues in the melted state 
will give the graphitic carbon a better opportunity to crystallize 
out? If the metal is poured from a higher temperature, it will 
allow a longer time for this crystallization to take place. Silicon 
lowers the melting point; and high-silicon irons are gray, while 
low-silicon irons chill. Is it not possible that the raising of the 
solidifying point due to low silicon may shorten the length of 
time the iron is in the melted state, and thus not give the 
carbon an opportunity to assume the graphitic form? 

Mr. Sauveur.—I think Mr. Voorhees’ argument seems very 
probable. The formation of graphitic carbon depends primarily 
upon the length of the time taken by the metal to assume the 
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solid condition. It is while it passes from the molten to the 
solid state that graphitic carbon forms; and if the effect of 
silicon is to increase the length of this period, it must also in- 
crease the amount of graphitic carbon, and this we know it 
does. 

Mr. VoornEeEs.—That seems to be borne out too by the 
experiment described by Mr. Moldenke in taking the metal from 
different parts of the bath, and other experiments too seem to 


- bear that out. 


Mr. MoLpENnKE.—That is a point we know little about yet. 
The effect, as Mr. Voorhees rightly says, of a long-continued 
period of cooling will be to throw out more carbon; but the 
hotter the metal when poured, the longer that period, and yet 
the deeper the chill. This is exactly opposite to what we would 
expect to find. The iron cast from the top of the bath, as 
explained previously, was the hottest iron and took longest to 
cool, but it chilled the most. What causes this phenomenon we 
do not know yet. The white,jrons (or the low-silicon irons) melt 
much more quickly than the gray (or higher-silicon irons), so 
that another element is introduced of which we do not know 
much either. 

Mr. SauveuR.—The formation of graphite does not begin 
until the metal begins to solidify; and it matters very little how 
long the metal was in the mold before it begins to solidify. In 
other words, it is quite independent of the casting tempera- 
ture, as I understand the matter. It is during the transition 
period from the molten to the solid state that the graphitic 
carbon is supposed to form. It is quite possible that our 
knowledge on this subject is not definite enough; but I think 
that that is the general belief. 

Mr. Mo_pENKE.—In spite of that, we do not know enough 
yet; because if the mold were cast with a very hot iron, one 
would imagine that the metal would merely stay fluid for a 
longer time before getting cold enough to chill; and that there- 
fore the result would be the same, whether the metal be cast hot 
or cold, but that is not the case. 

Mr. Wuitney.—That effect is more marked with the softer 
than with the harder irons. In the case of soft foundry iron, 
with a test such as Dr. Moldenke has suggested, using different 
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sections, the smaller section will chill perhaps 3-16-inch in even 
very soft iron, when poured hot; but the same iron poured 
cold may not chill at all. Even if the difference is merely | 
that a hand-ladle may be poured quickly at first, then held a 
moment and the upper half of the chill test poured more slowly 
and when the metal is somewhat cooler, the depth of chill will 
very rapidly decrease. The effect of initial temperature and of 
initial rate of cooling in the mold, is naturally greater as the 
silicon content increases, that is, in general, as the maximum 
capacity for chill decreases. Cold and slow pouring permits 
apparently a decomposition of some of the compounds in the 
iron to take place. High silicon favors such decomposition very 
evidently. The effect of other elements is more complex, but 
in practice these elements have constantly to be reckoned with. | 


Porno RHOENL oLATUS OF TESTING CAST IRON. 
By Ricuarp MoLpENKE. 


The following is summarized from conditions in America, as 
found in current specifications, in the technical literature, and 
through interchange of thought with the men identified with the 
testing of cast iron. Then, again through discussion with nota- 
ble men in Europe engaged in similar lines of investigation. 

Tests of cast iron are carried out in two ways: by means of 
a supposedly representative bar, and by testing to destruction. 
The latter way is the preferable one, provided that it is fair to 
both consumer and producer. Our car wheel and coupler tests 
come under this heading, and the testing of pipe will form the 
text of a special communication to us to-day by one of our 
members. Tests to destruction in other lines will follow as fast 
as the consumer is in position to demand them. 

It is, however, universally recognized that this system of 
testing is applicable only to a limited range of castings, and that 
other methods must be adopted to assure us of good results for 
the general run of the foundry product. This has always been 
attempted by means of a test bar, with what chances of success 
remains to be seen. The tendencies were two-fold: First, the 
short coupon attached to the casting, into which coupon the iron 
might or might not enter under conditions identical with those 
of all parts of the casting. Usually the chances were against 
even a fair representation, and this form of testing is deservedly 
looked upon with less favor than formerly by those who under- 
stand something of the characteristics of cast iron. The second 
method was to use very long bars (often five feet) and test them 
transversely by the gradual application of a stated load. The 
bars gave results depending upon the manner and time taken in 
loading, and are now known to be altogether too favorable to the 
founder. Moreover, the conditions of the test were exactly 
opposite of those met with.in practice. An impact test would 
have been more suitable. 

We have, however, to-day exactly this style of bar in use in 
Germany. About three feet long, square, and of pretty small 
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cross-section, the bar is broken transversely, and tensile test 
specimens cut from the broken pieces. On the other hand, our 
German friends are desirous to have further light on the subject, 
and have appointed a commission to study the matter thor- 
oughly. They further compliment us by utilizing our results in 
their investigations. ‘The German specifications for pipe will no 
doubt be touched upon by another of our speakers to-day, for 
herein they have also been active in the Fatherland. 

Many have been the tests made on bars, and each line of 
investigation has had the benefit of at least some previous 
recorded experience. The result has been the crystallization ot 
ideas which has probably found as good an expression as any in 
the recent report of the Committee appointed by the American 
Foundrymen’s Association, wherein short, heavy round test bars, 
and these cast on end, are recommended. 

There is, however, another idea embodied in the report just 
alluded to, and this is so different from those generally accepted 
that it must be mentioned here. Our American founders, who 
know the material they are producing daily at least to some 
little extent, recognize the fact that even with the best of iron, 
a casting may be of inferior quality through improper conditions 
existing at the time of pouring, and this unknown to the average 
layman. They further know that a weak or unsuitable iron can 
be strengthened artificially, when making test bars, so that it 
may pass muster, and yet the castings will be inferior. For 
these reasons, therefore, in adopting the specifications they did, 
our American foundrymen cut loose from the very laudable but 
entirely impossible production of test bars which are held to be 
identical with the casting, and selected a method which would 
give as nearly a true valuation of the quality of the iron going 
into the casting as possible. If afterwards, a casting could be 
tested to destruction, so much the better. The fact that the 
iron which goes into a casting is found to be of a suitable quality, 
and of sufficient strength, is the only safeguard which can really 
be expected from the test bar anyhow. This presupposes that 
the iron is cast into bars under conditions as fair as possible in 
the light of our present knowledge; that the bars are of the size 
and shape which will neutralize as much as possible the varia- 
tions due to the sand, the pouring temperature, and the pouring 
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method, and that no artificial strength or avoidable weakness be 
tolerated. By making such tests regularly, a founder can quickly 
satisfy himself, and possibly his customers, on the score of 
“quality”’ so far as the iron poured into castings is concerned. 
Even tests to destruction are not always as satisfying. 

The present status of the question under discussion seems 
to indicate that the subject hinges upon whether producers will 
open their works to customers, and give them every facility to 
judge for themselves the quality of the iron made by means of 
the tests just spoken of; and on the other hand, whether cus- 
tomers will accept this as a guarantee of good faith, and the 
desire to give them the best work that can be made. The cus- 
tomer, it may be added, quickly becomes a competent judge of 
the good or bad conditions prevailing in the various foundries 
from which he draws his castings, when in contact and direct 
touch with them. 


Notre: The joint discussion of this paper and the succeeding one 
on ‘‘The Need of Foundry Experience for the Proper Inspection and 
Testing of Cast Iron,’ by Thomas D. West, follows on pp. 213-216. 
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THE NEED OF FOUNDRY EXPERIENCE FOR THE 
PROPER INSPECTION AND TESTING OF 
CAST IRON. 


By Doss De West. 


Were the title of this paper of my own selection, I might 
have added also, ‘‘the need of foundry experience in formulating 
methods of testing,” for, in the past formulation of methods, 
largely lies the origin of evils which show the necessity of foundry 
experience in judging of what is best or practicable in testing cast 
iron. The compilation of all methods now used for testing the 
physical properties of cast iron would result in such a variety 
as to bewilder one not broadly experienced in the different 
branches of founding. Had all the originators of methods now 
in use had a broad experience in founding, some of these methods 
would never have been proposed. 

Of all metals cast iron is the most complex in its physical 
structure. This is because of the fact that changes in the rate 
of cooling like grades of iron and cross-sections produce radically 
different crystalline fracture or grain in the iron. Two pieces of 
the same cross-section and poured from the same ladle can, by a 
difference in the rate of cooling, be made entirely different in 
physical structure, one having a soft open grain, and the other 
a hard dense grain. Again, with uniform sections and a con- 
stant rate of cooling, but varying proportions of silicon, sulphur, 
manganese and phosphorus, we can produce different grades, 
varying in degrees from a very soft, open grained iron to a hard 
or chilled one. 

Changing the grade of an iron by one or the other method 
just mentioned, is readily achieved by any one experienced in 
such work. The question may be asked, if the ability to do this. 
or direct. such operations would be of any value to an inspector 
or tester. Where inspection of appearances, as to smoothness. 
and beauty of finish only is required, or where work is du- 
plicated, as in the case of car wheels, and subjected to certain 
prescribed tests that have proved effective by numerous trials, 
lack of foundry experience on the part of the inspector may not 
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be of vital importance. Where the inspection of castings is, 
however, for determining the strength, solidity or durability of 
castings that cannot be tested by breaking a duplicate, it is rare 
that the possession of foundry experience does not prove of 
value, as the test bar or any other special method of testing may 
often fail utterly in indicating the true character of a casting. 
For example, when castings like rolls,! punches and shears, 
fly wheels, etc., break from usage and the fracture exhibits 
shrink holes or a very porous grain compared to other sections, 
wherein has the test bar or chemical analyses proved of value, in 
showing a strong iron or apparent solidity? In connection with 
the test bar and chemical analyses, a broad experience in found- 
ing will in almost all cases prove most valuable in passing judg- 
ment upon the durability of these castings. Foundry experience 
cannot give an inspector an X-ray eye for seeing the interior of 
castings, but it will, to a certain extent, enable him to anticipate 
the results by observing the methods used in pouring and feeding 
to supply the shrinkage of the parts that might be weak from 
porosity or shrink holes. There may be cases where an inspector 
experienced in broad founding can fortify his position by seeing 
a mold before it is closed, and being upon the ground at the 
time of pouring and feeding a casting. It is not uncommon to 
have a mold provided with proper feeding heads and pouring 
gates, and yet the feeding is such as not to produce a solid 
casting. This may be due to ignorance or carelessness on the 
part of the molder or to mishaps over which there is no control. 

Aside from shrink holes, blow holes occur, and it requires 
foundry experience to judge of their existence. There are 
certain lines of castings that may have blow holes, while others 
have not. It generally requires some experience to distinguish 
a shrink hole from a blow hole, and one may be as injurious as 
the other. As, in the case of shrink holes, blow holes may often 
be best predicted by seeing the methods of molding and casting, 
and the broader the experience of the foundry inspector the 
better qualified he will be to pass judgment upon the solidity or 
strength of such castings. 

Again, the inspector should be competent to judge the evils 
of contraction. When castings are of disproportionate sections, 
one part will contract more than another, giving rise to internal 
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stresses that no test bar records can properly reveal. Such 
stresses may be largely overcome by methods of cooling aftera 
casting has been poured. Experience in founding will enable an 
inspector to determine at what points weakness is likely to exist, 

and where to look for slight cracks. 

Sufficient has been outlined to illustrate that much is needed 
beside test bar records to pass upon the durability of a casting. 
Nevertheless, the test bar is often a very important element, and 
in designing the form and size and method of molding and 
casting test bars, a broad experience in founding is again essen- 
tial. 

The want of this experience in the past has resulted in the 
advocating of methods that have caused much contention and 
confusion of ideas, retarding the establishment of truly practical 
systems of testing. 

This paper might be extended to considerable length in sup- 
port of the claims put forth, but time being limited, generalities 
only are given to bring out discussion along lines which, if 
closely followed, cannot fail to prove that, while there is much 
need of broad foundry experience for the proper inspection and 
testing of cast iron, such need can be greatly reduced by improv- 
ing the methods of testing, a work which comes directly within 
the scope of this Society. 
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DISCUSSION.* 


ALBERT SAUVEUR.—In regard to Mr. West’s reference to the Mr. Sauveur 


structure of cast iron as most complex, I wish to take exception 
to that qualification. We hear a great deal about the complexity 
of cast iron, but I think it must be admitted that cast iron may 
logically be considered as a mass of steel mixed with particles 
of graphite; so that the greater complexity of cast iron com- 
pared to steel does not exist in fact, at least not in my estima- 
tion. It is true, however, that cast iron has a very sensitive 
structure, a structure that is very easily altered, especially by 
the rate of cooling, and by its chemical composition. 

Tuomas D. West.—If a steel man can show anything more 
radical than an iron founder can in taking iron from the same 
ladle and producing one piece of metal entirely white and close- 
grained and another piece gray and very open-grained, I shall 
concede the point. Aside from the question of structure we 
have the shrinkage and contraction of cast iron to contend with. 
I make a distinction here between the terms shrinkage and con- 
traction, because they are really two different factors, and we 
ought to have different terms to define them. Shrinkage is the 
change of volume of the metal in cooling from a liquid to a solid 
state. In making very massive castings like rolls, or punches, for 
instance, anybody experienced in that work knows that such 
castings must be fed by occasionally supplying additions of 
liquid metal or by providing self-feeding heads; otherwise 
shrink-holes will be created. This factor I define as shrinkage. 
After the metal has solidified, then in continuing to cool, its 
volume decreases. This I define as the contraction. These two 
elements are not only very troublesome, but often very expen- 
sive. It is on these and other grounds that I might mention that 
I base the statement that cast iron is a more complex metal 
than steel. 


* Joint discussion of the two preceding papers, viz: ‘‘Present Status of Testing Cast Iron,” 
by Richard Moldenke, and ‘‘ Tre Need of Foundry Experience for the Proper Inspection 
and Testing of Cast Iron,’’ by Thomas D. West. 
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Mr. SauveuR.—I think that Mr. West’s argument to prove 
the existence of this complexity only shows the great sensitive- 
ness of cast iron to heat treatment, a point which we are all 
prepared to admit. 

ALEx. E. OUTERBRIDGE, JR.—It may be interesting to recall 
an investigation made in 1888, which exhibited clearly the impor- 
tant influence of size of test bars upon the tensile and transverse 
strength of cast iron. In one experiment we cast a solid block 
about 15” x 14” x 14” of fairly strong iron. We sawed this into 
eight slabs and planed them all to a uniform thickness of one inch. 
We then cut these slabs into square bars 1’ x 1 x 14’’, making 
altogether sixty-four test bars. The bars were numbered and 
broken on a transverse testing machine, with supports 12”” apart. 
The highest records of strength were found in the outside rows, 
as might naturally have been expected; the average breaking 
stress of the bars forming the bottom row was about 2 800 fbs., 
the fracture of the metal being close-grained. The bars cut 
from the interior of the block were, of course, much weaker and 
the fracture showed a very coarse grain. The average breaking 
stress of the bars from the center of the block was about 1 750 tbs. 
This enormous difference of strength in different portions of 
the same casting, indicates how greatly cast iron differs from 
cast steel in this particular. In order to ascertain the effect of 
variations in size of test-bars, upon the tensile strength of 


cast iron a number of bars were poured from one ladle of 


iron, all the bars being of the same length, viz, 15’’, but of 
different sizes, ranging from 114’ to 214”’ diameter; these bars 
were all turned to the same size, viz, 1.129’’ for a length of 10” 
between shoulders, the ends being threaded for the grips of the 
testing machine, and pulled on a testing machine having a 
capacity of 100 000 pounds. There was a gradual decrease in 
strength exhibited as the diameter of the castings increased; 
the difference in tensile strength between the 114” bar and the 
next larger bar (which was cast 1 5-8’’ diameter) amounted to 
nearly 5 000 pounds. The tensile strength of the 114” bar was 
about 33 coo tbs. per square inch, while the tensile strength of 
the 214” bar was about 21 ooo tbs. persquareinch. These tests 
serve to show the importance of adopting standard sizes of test 
bars for determining the strength of cast iron when poured into 
castings of varying dimensions, 
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THE PRESIDENT.—Experience has shown that we cannot The President. 
cast two test bars out of the same ladle that will give us the 
same results. We have apparently done everything that we can, 
and yet two test bars, identical in size, cast at the same time 
out of the same ladle and with the same runner, all connected 
together, will not give accordant results when tested. _ We began 
with bars 2 inches square, and we found differences of 1 500 to 
2 ooo pounds in the breaking load, applied centrally on a 12-inch 
span. Then we cast round bars and tried those in the rough, 
and they gave us somewhat higher differences. Then we 
cast the round bars larger and turned them up ina lathe so 
as to have exact diameters; but the results were still unsatis- 
factory. It has been said that we do not know anything posi- 
tive about cast iron, and our experience with test-bars points 
that way. : 

In a recent conversation with Professor Howe, he observed 
that this state of affairs was not at all surprising to him; 
that, since cast iron isa supersaturated metal, the total carbon 
is far above what it can contain in the combined condition, and 
infinitesimally small differences in the rate of cooling may work 
great differences in those characteristics which contribute to the 
strength. 

Our latest struggle has been with the testing machine itself. 
In our machine we move the weight on the scale-beam by hand, 
to correspond with the increases in stress; and since cast iron 
has very little deflection, it often happens that the piece snaps 
before, or even during the movement of the weight’on the scale- 
beam, giving, of course, unreliable results. 

Mr. West.—It is a difficult matter to cast two bars from mr. West. 
the same pattern and get them of exactly the same size. A 
2 slight difference in the sectional area of the two test-bars may 
account for a difference of several hundred pounds in the 
strength. I think, however, if three or four bars were cast on 
end and at the same time, out of the same ladle, the average 
strength of the set will give a fair basis of comparison with 
another similar set of tests. 

R. G. Motpenxe.—In a bar tested transversely, surface Mr. Moldenke 
cracks may cause premature rupture and a consequent loss of 
= several hundred pounds in the breaking load of an ordinary 
test bar. 
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Tue PresipENT.—We have always cast our bars on end. 
We tried the square bar first; then we tried the round bar, and 
we found that in cooling it became a little crooked. Then we 
made larger bars and turned them up; but since they were still 
a little crooked, consequently in the turning we took off a little 
more of the first iron that cooled on one side, than on the other, 
leaving a test bar with a surface composed of metal that had 
cooled at different rates, with consequent different strength in 
different parts of the surface. We cast bars 244 inches in 
diameter and turned them down to 2 inches in the hope of 
eliminating this difficulty, but we have not yet succeeded in 
getting satisfactory agreement in results. Variations of over 
10% in the results are common. Annealing tends to increase 
the uniformity, but decreases the strength. 

Mr. SauveuR.—The results of the very interesting experi- 
ments which Mr. Outerbridge has described all go to show the 
extreme sensitiveness of cast iron to the rate of cooling. They 
merely constitute additional evidence of a fact which has been 
repeatedly and conclusively demonstrated; they do not indicate 
the complexity of cast iron. The belief in the complexity of 
cast iron is, in my opinion, erroneous and mischievous, and its 
circulation should be strongly opposed. 
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A QUICK AND AUTOMATIC TAPER-SCALE TEST. 


PROPOSED ASA STANDARD FORM OF CONTRACTION TEST FOR ANY 
Cast SUBSTANCE AND OF CHILL TEST FoR Cast IRON. 


By Asa W. WHITNEY. 


Iron foundry methods for the determination of contraction 
of cast metal from size of the mold are, so far as the writer’s 
experience goes, sufficiently accurate except where bars of unsuit- 
able cross-section are used or where the ends of the bars are 
cooled too quickly by being cast against the iron yoke from 
which contraction is measured. Such yoke should touch only a 
part of the faces of suitable small lugs so cast on the bar as not 
to interfere with the test for transverse strength. 

Contraction is usually measured by a micrometer screw 
device set in one end of a yoke of exactly the same length as the 
one used in the test bar mold. It is also often measured by a 
graduated wedge or taper scale. The results are usually 
expressed in hundredths of an inch per foot of the test bar. I 
prefer to express it in percentage in connection with the metric 
system so convenient in physical testing. I think it is generally 
conceded that the cross-section of gray iron test bars for regular 
comparisons of transverse strength should in all cases be large 
enough to cool in the sand mold without chilling at all if possible. 

I do not recommend a cross-section of less than 144 square 
inches, even for soft iron, and in my own practice prefer a bar of 
hexagonal cross-section, and have used such as large as 4 square 
inches area. 

In regulation of chilling mixtures I find it very useful to 
have bars of the same sectional area, but flat, so cast between 
chillers as to be totally white. The contraction of these solid 
white iron bars also varies according to composition, as does 
their strength and elasticity. Even these bars, however, do not 
cool quickly enough to be used within several hours as con- 
traction tests, without interfering with their value otherwise as 
test bars. 

To make a test for contraction of cast iron more rapid, the 
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phenomenon of chill is necessarily introduced, and it is best, 
therefore, that the conditions should be such that the maximum 
chill is obtained for the given composition, mass and tempera- 
ture. That is, the initial contraction must cause no separation, 
or insulating air space, between the test piece and the chiller,* as 
this tends to reduce both the total contraction and the chill by a 
sudden alteration of the cooling conditions. 

In the determination of chilling capacity of iron the usual 
methods are crude. The contraction causes variable time of 
contact or variable insulating space. In the rough chill tests 
made on the side of a sand molded pig at blast furnaces, the 
usual excessive heat of the pig and the scale on the chilling block 
are sources of further error. The Whitney Chill Cup, introduced 
into car wheel practice about 1872 and adopted at several blast 
furnaces, secured much greater accuracy as a means of test for 
chill over a considerable range of composition. The iron was 
poured from a hand ladle at a proper temperature into an 
oblong cup-shaped cast iron mold (about 6’ x 3x 1144” deep) 
whose bottom was flat (except for a transverse ridge to facilitate 
subsequent breaking of the test piece) and whose sides were 
slightly flared. Uninterrupted contact with the bottom was 
thus attained. The chilling effect in hard iron, however, was 
complicated by the effect of the exposure of the top to the air 
and by cross chilling from the sides. Many experiments have 
proven the value of maintaining contact with chiller to obtain 
maximum chilling effect and the various forms of ‘‘contracting 
chills” for chilling cast iron wheels are made with this in view. 

Both the variations of rate of contraction and those of 
chilling capacity encountered in the range of cast iron depend 
(other. conditions given) upon the chemical composition; but 
any given change in the composition does not necessarily cause 
these phenomena to vary together in the same degree or even in 
the same direction. Taking the range of cast iron, however, as 
a whole, the capacity for chill and the rate of contraction do in 
general vary inthe same direction, whether owing to composition 
or to the rate of cooling. 


* 1 prefer to use the term “ chiller’’ rather than the foundry word “ chill”? which is used 
to designate both the iron cooling device and the effect of same on the metal éf the metal 
touching it is found to be white or“ chilled.” The metal is chilled by such device even if its 
composition does not allow a “‘chill’’ to form under the conditions. 
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In a very valuable paper entitled ‘‘Contraction and Defor- 
mation of Iron Castings in Cooling from the Fluid to the Solid 
State” (American Society of Mechanical Engineers, December, 
1896), Mr. Francis Schumann gives a formula by which the 
contraction of an iron casting may be calculated from that of a 
test bar of a different cross-section but of the same composition. 
In my paper entitled ‘‘ Transverse Strength of Chilled Car Wheel 
Metal” (Yournal of the Franklin Institute, April, 1897), I showed 
the advantage of chilling a test bar from opposite sides only. to 
develop the maximum strength, particularly when under such 
conditions the iron tested became wholly chilled or white. The 
strength in the direction of lines of chill being 90% to 100% 
greater than at right angles to that direction. I believe, though 
I have not definitely proved it, that the rate of contraction also, 
in such wholly chilled iron, is slightly greater in the direction of 
the more rapid dissipation of heat (that is, in the direction of the 
chill crystals) than in any other. 

Early in December, 1900, when regulating air furnace mix- 
tures, I devised and roughly tried a contraction test particularly 
for hard, easily-chilling cast iron, but because of other duties 
have had no opportunity as yet to fully develop it in practice. 
It was made to conform to the general principle of the ‘ taper 
scale”’ by which caliper measurements, for instance, are denoted 
or registered by distances measured off vertically to the actual 
length calipered from side to side of the scale. By this means, 
using a suitable angle of taper, differences of caliper, otherwise 
recognized only by means of a vernier or micrometer screw, are 
read as easily visible spaces indicating definite micrometer meas- 
urements. With fairly uniform conditions of use and unyield- 
ing substances, the accuracy of this method is satisfactory. 

My aim being to preserve, in spite of contraction of the 
cooling casting, its continuous contact with the chiller (for the 
sake of maximum chilling effect) and being also to indicate 
automatically, in a practical way, the progression and extent of 
contraction of atest piece under such standard cooling condi- 
tions, I naturally evolved the form of a frustrum of a cone for 
the test piece from the idea of the taper-scale. 

The design and methods of molding the top and bottom 
of the test piece being dependent upon the sort of metal or other 
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substance cast, and other conditions, are not specifically de- 
scribed here as they may be devised by the founder in each 
case. As I have designed and adjusted it for my purposes, 
mostly hard or ‘“chilling’’ mixtures of iron, the test piece 
as cast is a frustrum of a cone whose top diameter is 5.642 
em. This gives am area 25 sq. cm.-(3.875. Sq. 4ns.), or the 
same as that of the cross-section of the test bars I advocate 
(instead of 4 sq. ins. as heretofore), hexagonal in section for 
grey bar, and rectangular in section for chilled bar. I assume 
5% as the maximum range of contraction to be possibly allowed 
for in any metal cast in chilling mold this size. Five per cent 
contraction of the diameter 5.642 cm. would reduce the diameter 
of the top of the frustrum to 5.360cm. The bottom-of the mold 
is therefore made of this latter diameter inside, while its top is 
5.642 cm. diameter inside. By making the vertical height of 
the mold between these inside diameters just 10 cm., a linear 
contraction of .5% allows the top diameter of test piece to fall 
1 cm. below its original position, and 5% contraction would just 
allow it to drop out at the bottom of the mold. The usual 
range for gray irons cast of this section and mass (mold being 
made of gas carbon or the like) would possibly vary from about 
.5% to 2%, and for totally chilled iron (mold being made of 
cast iron) from about 1.8% to 2.5%. 2.5% contraction of the 
top diameter would allow a vertical fall of 5 cm. 

Precaution in Casting.—As soon as the test is poured any 
film of iron remaining in the sand pouring basin is promptly 
separated from the gate or the sand loosened to allow it to settle 
with the contraction of the test piece. As soon as this begins 
the sand is removed or allowed to drop out from below the 
movable iron or carbon bottom, which then drops and allows the 
contracting test piece to project. To hasten the cooling and to 
be sure no iron in the gate or vents interferes, remove the cope, 
and by a light rap in case of chilled iron break off the projecting 
gate. When black and sufficiently cool, the test piece may be 
further cooled by a blast of air followed by hot and then cold 
water. The mold at the same time should be cooled by a fine 
spray of water and blast of air. With an iron mold and hard 
iron, all this should be done in 10 to 12 minutes from the time 
mold was filled. An approximate measure of contraction could 
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be taken before removing test piece for cooling, but when cooled 
it should be dropped back into the fairly cool mold for close 
measurement. The rate of contraction of the top: diameter is 
expressed by one-half the number of centimeters of vertical drop 
of that diameter or top of frustrum. The projection of the piece 
at the bottom of the mold would of course give slightly less than 
the correct.rate, as it is slightly reduced by the vertical contrac- 
tion. As this latter (the amount of vertical contraction) is due 
to the rate of contraction across the chill crystals, it would be 
interesting and convenient for purposes of study to compare it 
by micrometer measurements with the rate of contraction as 
determined from any diameter of the mold. 

Such a test piece made in a gas carbon or other poor heat- 
conducting mold would be quite gray in fracture in most cases. 
These test pieces, whether chilled or gray, though short, could 
then be broken (after nicking and properly supporting the ends) 
by a sledge blow on a “hard edge,” and one-half (or enough of 
the half to show from centre to circumference) be prepared for 
metallographic examination. This grinding, polishing, etching 
and observation need not take more than 15 to 20 minutes, 
whether the sample is wholly or partially gray or chilled. 

Either half would be suitable as a sample for determination 
of specific gravity and for testing hardness by Professor Turner’s 
sclerometer or other means, and for determination of strength 
by Grinnell’s method of indentation by a hard steel ball of 
ro mm. diameter and reference to tabulation or formule. 

As to the accuracy of my suggested test of contraction, I 
believe it will be found satisfactory when its promptness and 
advantages as a chill test, etc., are considered. I should estimate 
the probable error as not more than plus or minus .2% of the 
assumed top diameter (or a total range in vertical measurements 
of 8 mm.). This is equal to plus or minus .o24 inch per foot, 
while the usual contraction measurements on a 12” length of 
bar have an error of not more than .1%, or say, .o12 inch per 
foot. But if necessary in this cone test, the exact contraction 
also can be readily obtained by direct micrometer measurements 
of the test piece and of the chill mold in case the latter alters 
with use. 

I advocate the use of a non-chilling mold such as gas carbon 
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or graphite mainly as a step in the process of arriving at the 
value of the chilling mold and its closer comparison with usual 
transverse or tensile test bars of the same cross-section. There 
are, of course, certain special precautions to be taken in making 
and treating the cast iron chilling molds before final turning to 
size in order that heat may have little effect. I believe that 
I can make them to stand the work and retain their dimensions 
sufficiently well for several hundred tests of cast iron, and longer 
for more fusible metals or other substances to which the test may 
apply. Of course for very soft iron and for other metals, a 
smaller size and a different taper may be better. It may be 
advisable to insert a sliding shutter to cut off the gate at base 
as soon as poured, before it can feed the contracting casting. 
I figure that as here designed, an iron which would show only 
Yj" chill on A. Whitney & Sons’ regular chill test block (114 x 
214’’) cross-section chilled on 114” side would just chill in this 
test to the centre (=chill 1 1-8” nearly), the “relative chilling 
power”’ of these tests being calculated as 39.8 to 184.6, or by 
metric measure, as 15.6 to 72.75. In other words, the normal 
factor for chill on the slower test is 21.5% of that on the new 
test. By Mr. Schumann’s formula I figure that an iron showing 
.125”’ per ft. (1.0416%) contraction in a 1-inch square bar will, 
at the mean proportional cross-section of this casting, if similarly 
made in sand, contract .9417% or .113-inch per ft., and similarly 
the top diameter would contract .9373%. Also when the top 
diameter contracts 2% the hexagon bar of same area of cross- 
section, if similarly chilled, would contract 2.0079%. But if 
cast as usual in sand, the contraction of such hexagon bar is 
known by experience to be about .15” per ft., or 1.25%. The 
difference, say .75%, is due to the slower rate of cooling in sand. 
That is, a normal factor by which the contraction rate of the 
hexagon bar would be calculated is 62.5%. Examination of the 
micro-structures shows in similar cases the cause of the lesser 
contraction to be the greater decomposition of the cementite in 
the mass cooling the slower. That is, the Fe, C takes less room 
than the sum of its components when separated as ferrite and 
graphite; therefore in any iron, the increase in contraction in 
this test over the amount calculated from a casting in sand, is 
due to the more rapid rate of cooling which would be practically 
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a constant for the mold. A comparative study of the micro- 
structure of the same iron cast in a gas carbon and in an iron 
mold would also reveal the kind and amount of change in struc- 
ture to be allowed for in slower cooling, that is, it would at once 
connect the phenomenon of contraction and its relation to 
specific gravity, hardness, chill and strength with the phases of 
structure which the rate of cooling can impose upon a given 
chemical composition. The final practical result would be pre- 
diction and adjustment of composition to requirements, with a 
minimum of chemical and physical testing. A normal micro- 
structure being observed, normal factors for chill and contrac- 
tion in other sections would be used. Abnormal structure would 
indicate promptly the proper corrections. 

Without going very accurately into the calculations, 1 find 
for instance, that a certain composition of iron which would 
chill about 78’’ to 1’ deep in the regular block chill test above 
mentioned, and which would be, of course, totally white(cementite, 
pearlite, and possibly Martensite) in this cone test, would be 
totally white also in a bar of rectangular cross-section 3.75 x 
6.67 cm. (25 sq. cm. area) and would be totally grey (pearlite, 
ferrite and graphite) in a hexagon section of same area cast in 
sand (whose side is 3.102 cm.). Its rate of contraction might 
be as low as .22 inch per ft., or 1.84% in the cone test. From 
this I roughly figure that the gain in specific gravity when solid 
and cold over that when molten is about 8.2%. The specific 
gravity of such chilled mass, say of car-wheel iron, would be 
about 7.6, which is therefore 108.2% of the specific gravity of the 
molten iron. The specific gravity of the very fluid molten iron 
would therefore apparently be about 7.03. This agrees with the 
fact that wholly chilled cold car-wheel iron sinks at once, but 
rises later in molten car-wheel iron, while a cold piece of soft gray 
iron floats at once and until melted in. 

It appears to me that the use of this test and some calcula- 
tions on the results, along with metallographic examination of 
the same cross-section under other known conditions of cooling, 
would very soon make it possible to predict from such a test 
more accurately and promptly than now, the proper change, if 
any, to be made on large masses of metal waiting in furnace or 
ladle for large castings, and also to give valuable and timely 
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indications of the allowable and of the improper sorts of changes 
for the next heat which may need prompt attention. Any 
analysis of the test piece or of a shot sample would be directed 
by the indications of this test. Such a case, for instance, as a 
high rate of contraction with an undue amount of graphite at the 
centre of the cross-section, lying in pearlite or ferrite according 
to class of mixture, would need prompt treatment, and not 
always analysis, first. 

Knowing the calculated mixture and the oxidation and 
fluxing effects of the melting operation, an examination of the 
micro-structure should enable us to avoid much analysis of the 
casting. In fact, from the ultimate analysis, say deduced from 
the calculated charge of furnace, it is now possible, thanks to 
the work of Carnot & Goutal (The Metallograplist Vol. IV, No. 4), 
to fairly estimate a proximate analysis and the possible total 
amounts of cementite and ferrite of a casting, and by the prin- 
ciples of metallography and the cooling conditions determine 
whether an excess of ferrite, cementite or graphite is likely, and 
about how much pearlite will remain, thus estimating the 
structural composition. 

The amounts by volume of these structural elements are 
shown at once by the rapid processes of metallography. By 
assuming a specific gravity of, say 1.1, for the graphite, and say 
about 7.2 for the impure ferrite of ordinary cast iron, and say 
7.3 for the impure pearlite, the relative areas of each, as observed, 
may be translated roughly into percentage by weight and 
checked by the knowledge of the calculated cupola or air furnace 
charge. Examination of analyzed samples at first is to be 
recommended. 

I cannot yet show any samples cast in the style of test mold 
I suggest, or their photo-micrographs, but among a number of 
my photo-micrographs of known irons I have some which 
indicate in general what “chill” is and how much more fully 
metallography can define it than chemistry alone can. Photo. 
No. 1 shows the structure, pearlite, ferrite and graphite (660 
diameters) of gray car-wheel iron at center of my former 
square bar of 4 sq. in. area (side 2’’). Photo. No. 2 shows 
structure (97 diam.) of similar iron chilled, being center of 
tread of a light wheel. It consists of cementite (bright, unaf- 
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Fic. 1. 


wheels. Center of 2’”’ sq. test bar. Contraction, 1.125%, 


modulus of rupture, 42 500 Ibs.; tensile strength, 20,200 lbs. ; 


_ resilience, 83 inch-pounds per pound of metal. 


Fic. 3. 
About 660 diam. Center of section of avery weak 48” 


diam. cast iron water pipe. Graphite and phosphide areas 
lying in ferrite. No pearlite, therefore no combined carbon, 


About 660 diam. Metal for standard chilled cast iron car 


PLATE IV, 
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About 97 diam. Center of chilled tread of a 16” spoke 
wheel. The white or unetched areas are cementite (6.67% 
ee and the dark or etched areas are pearlite (0.80% 
carbon). Totalcarbon: about 3.74%. 


FIG. 4. 
About 97 diam. Center of; section of a very good 40” 


diam. cast iron water pipe. Graphite well diffused and 
mainly in pearlite. Ferrite areas well distributed, as also 
the phosphide areas, which can hardly be found, and do 
not appear in the photograph at this magnification 
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fected by the etching acid) and of pearlite, which being lamelle 
of ferrite and cementite, is affected and appears dark. Investi- 
gating by the ordinary methods of chemistry the difference 
between the gray and the chill of a chilled casting, we merely 
find that practically all the carbon is combined in the chill, while 
much or all of it may be graphitic in the gray. The point missed 
is, that for given composition and conditions, a certain amount 
of combined carbon goes to strengthen, and beyond that under 
proper cooling conditions all the rest goes to harden, or cause 
chill, while in the gray (slower cooled) it is the relative amounts 
of ferrite and pearlite, or the softening and strengthening factors, 
which ordinary analysis alone overlooks. But metallographic 
examination of a standard sample in connection with chemical 
knowledge of the charge indicates most promptly the general 
suitability of the composition and what sort of hardening or 
softening, if any, is advisable for the next heat, say to offset the 
effect of return scrap, or, by prompt use of my chill contraction 
test, what alteration can or should be made to a large mass of 
waiting metal. By comparison with some analyzed samples 
one can learn to estimate the amount of combined carbon, 
graphite, and even phosphorus, with valuable accuracy. 
Photo. No. 3 (660 diam.) shows the total absence of pearlite 
(steel of about .80% carbon), therefore of combined car- 
bon, in a certain very bad 48” water pipe. It also shows 
the hard masses of iron phosphide (Fe, P) in areas of the phos- 
phide eutechtic. These areas are like stones in the softer ferrite. 
Photo. No. 4 shows (97 diam.) a good 40” water-pipe. Here, while 
there is even more graphite, there is no excess of phosphorus, and 
the graphite lies mainly in .80% carbon steel instead of in a 
weaker substance, ferrite. From the analysis of the latter 
sample, I have calculated approximately the micro-structure or 
volume of each structural constituent to compare with the photo. 
No. 4: 


By Volume (or area), 


By Weight. asin Photo. 
faptre Pearlitie, (iin 222s ++ 73.764% = to about 63.95% 
nS Meriitewadercen cision 2B AUS IGS = 19.80% 
Graphite found by analysis... 2.865% = “ “  - 16.25% 
I00.000 100.00 
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By means of a pocket slide rule such calculations are greatly 
facilitated. Probably within the limits of ultimate composition 
for any one kind of iron castings, the data given by systematic 
work with my contraction test sample would allow of tabulation 
of the usual ratios of graphite to total carbon for each rate of 
contraction and percentage of iron. 

Of course the range of this device as a chill test depends 
upon the size of sample, which must be limited. For all mixtures 
softer than very heavy machinery castings a smaller size than I 
have shown may be better. It has always been my practice to 
test even the softest mixtures by either the regular wheel iron 
chill test or by using the mold for chilled ingots 1’’ square by 4” 
long, introduced some years ago by Mr. Outerbridge. In this 
connection it may be well to remark that just as there is no 
sharp demarcation between steel and white cast iron, so there is 
apparently no very definite distinction, as yet proved, between 
some of the hardening phenomena of steel and the chilling 
phenomena of very low carbon cast iron. But while in steel an 
allotropic modification of the iron evidently is concerned, it does 
not as yet seem necessary to assume that this is the case to 
explain the hardness of “chill” in cast iron. Chill seems to 
depend upon the total and relative amounts of cementite and 
pearlite which from a given composition can be segregated, fixed, 
or in other words, whose decomposition into pearlite and graphite 
or pearlite, ferrite and graphite can be prevented by either local 

Perimeter 


or general cooling conditions. If the quotient of — ae 
rea 


of the cross-section of cast iron becomes large enough any ordi- 
nary composition of cast iron will ‘‘chill.””. The terms “chilling” 
and ‘“‘non-chilling” as applied to cast iron are therefore merely 
relative. When we get down to the eutechtic of the iron carbon 
series (.80 carbon steel) I think we may say the phenomena of 
chill ceases, as there is no possible excess of cementite, but 
between .80% carbon and, say 2.5% carbon, the chilling of 
molten metal is little practiced, and it would require further 
metallographic research to cover this field and show the relations 
of “chill,” if any, to the hardening accomplished by other 
processes. 

I regard the following cases as particularly desirable to study 


Te Ny 


aN 


Ba a abe ON a a 


Se 


WHITNEY ON A Quick TAPER-SCALE TEST. 224 


by metallographic examination of such a standard chill and con- 
traction test as I propose. 

Irons which would be white in a far larger section even if 
cast insand. Irons which would show no chill whatéver in this 
test. Irons which chill slightly, but show a dark graphitic line 
between the chill and the chiller. Irons which chill heavily in 
the centre of such a test and not at all next to the chiller. Iam 
not sure that the latter phenomena can occur except ina sand, 
carbon or other poor heat-conducting mold. 

In spite of the discussions and work (particularly the exten- 
sive series of tests by the American Foundrymen’s Association), 
the general significance of the value of test samples of any kind 
seems to be even yet misunderstood by some; for instance, 
The Engineering Magazine for May, 1902, contains an article 
entitled ‘“The False Witness of the Test Bar,’ by a British 
writer, Robert Buchanan. The test bar can tell the truth only 
directly in regard to itself. But by knowing its relations to other 
sections and adjusting the conditions of test and foundry 
practice, the discrepancies between its characters and that of 
other bars or castings can be properly allowed for. At least 
some progressive founders appreciate this. The wasteful and 
usually impossible practice of “‘testing to destruction”’ sample 
castings assumed as the only practical safeguard by Mr. Buchanan 
and some others is really only defensible as a preliminary experi- 
ment to establish certain relations with test pieces. A basis of 
‘area for area’’ comparison of strength, referred to for bars of 
different sections, further vitiates his deductions. The relative 
strength of his 2” x1” and 2” x14” bars can only be fairly 
compared by allowing for the relative strength due to form alone 
by means of their respective factors for modulus of rupture. 

To show the necessity of knowing the relations to conditions 
and sections in order to properly use test bars, evert if identical 
with the castings, the structural effect due to more rapid cooling 
in a particular direction must also sometimes be considered, as 
already referred to in regard to my chilled iron test bars. The 
modulus of rupture, even of a slightly hard bar, tested flatwise, 
is likely to be greater than that of a duplicate bar tested edgewise. 
Only by some reference to the structure can these cases be allowed 

for. With properly related test pieces and study on them by 
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metallography as well as chemistry, the effect of the volumes and 
forms of graphite and other structural units can be ascertained 
by routine of daily testing, if supplemented by study and calcula- 
tions. This soon becomes memorized as experience, and should 
also be tabulated.* 

The sort of work reported in that most valuable quarterly, 
The Metallographist and which now to most founders would 
appear as impractical as once did foundry chemistry, is the key 
to correct metallurgical practice, even in testing, as well in the 
foundry as in the many steel and other metal works where its 
value has been demonstrated. 


* I regard this cone test as very suitable also for a study of critical points by Pyrometric 
methods applied in casting or in subsequent laboratory reheatings or coolings in the easily 
regulated electric coil furnace The rate of fall of voltage of the thermo-electric current 
between test piece and mold in connection with critical points may be suggestive also. 
I have found this current quite marked and naturally in opposition to the direction of 
dissipation of heat. Some tentative work of mine indicates also the value of a standard 
sample such as this for electro-chemical comparisons of irons. 
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STRENGTH OF WHITE IRON CASTINGS AS INFLU- 
ENCED BY HEAT TREATMENT. 


By ALEx. E. OUTERBRIDGE, JR 


In the year 1882, while engaged in metallurgical work at the - 
car-wheel foundry of A. Whitney & Sons in Philadelphia, my 
attention was called by the inspector of wheels to an unusual and 
remarkable change that had occurred in the chilled or white iron 
forming the ‘“‘treads’’ of a number of wheels poured from one 
heat; this change was first observed on removing the wheels 
from the annealing ovens. It was customary for the inspector 
to prove the hardness of the chilled treads by testing them with 
a cold chisel all around the “‘throat,’’ or place where the tread 
joins the flange. On this occasion he found a number of wheels 
which were quite soft on one portion of the rim, extending the 
entire width of the tread for a length of six or seven inches, while 
on either side of the soft spots the chilled tread was so hard that 
the steel chisel slipped over the surface without biting. In order 
to study the nature of this singular occurrence I caused the 
wheels to be broken through the soft spots, so as to examine the 
fracture, and I found that the white iron (chilled iron) had, been 
changed into perfectly gray iron, evidently after the wheels had 
been cast. The change was not equally well marked in all of the 
wheels and the soft spots were smaller in area in some cases than 
in others, but in all, the dividing line between the white portion 
and the gray portion of the chilled tread was sharply defined. 

It is perhaps necessary to state that in the establishment 
where these wheels were cast it was customary to preheat the 
annealing pits by means of soft coal fires before the wheels were 
lowered into them, the flames passing through the pits or ovens. 
The rule was to close the dampers just before the pits were 
opened to receive the red hot wheels, in order to shut out the 
flames. 

After careful investigation, 1 found that through an over- 
sight the dampers of the annealing pits had not been closed and 
the flames from the fires impinged upon the surfaces of three or 
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four red hot wheels in the lower part of each pit, causing a 
complete change of the carbon from the combined form to the 
free condition wherever the flames touched the castings. 
Drillings were taken for analysis from the soft parts of the 
chilled treads and also from other parts of the wheels, as well as 
from test pieces poured from the same ladles of iron. The 
analyses showed two things: First, that the car-wheel iron was 
of normal composition; second, that the only change in the 
metal of the annealed or soft portion of the “‘chill” was in the 
condition of the carbon, which had been converted from chemical 
combination with the iron into an amorphous form of graphitic 
carbon, or, to speak more guardedly, I would prefer to say 
simply into the form of “‘free’’ carbon, for there are reasons for 
believing that the carbon in this case is not in the same condition 
as when it exists normally in gray iron.* ; 
Specific gravity tests showed that the gray cast iron resulting 
from this accidental heat treatment of white iron differed mate- 
rially in density from the normal gray iron forming the unchilled 
parts of the same castings; the specific gravity was about 7.80 
as compared with specific gravity of about 7.20 for the normal 
gray metal; a cubic foot of the gray iron produced by this 
annealing process therefore weighed about 37.5 tbs. more than 
a cubic foot of the normal gray iron of the same casting. It was 
noticed that the fracture was of much finer grain than normal 
gray iron, and ‘“‘chips”’ or drillings of the annealed chilled iron 
differed greatly in appearance, size and shape, from the chips or 
drillings of the normal gray iron made with the same drill. 
Several metallurgists to whom the pieces of annealed chilled 
iron were exhibited offered a plausible explanation of the phe- 
nomenon, saying that it was merely an accidental conversion of 
the white iron into malleable iron, and therefore presented no 


“2, Graphitic carbon or ‘temper-carbon,’ which is also in a free state and unaffected 
by acids, but presenting an amorphous appearance. 

““3. The carbon of the carbide of iron (cement carbon) forming a definite compound 
acted upon by concentrated acids but insoluble in diluted cold acids. This carbide answers 
to the formula F e 3 C. 

““4. Hardening Carbon, which appears toforma solid solution with the iron (or itis 
perhaps present asa compound dissolved in the iron) and which is acted upon by cold, 
dilute acids.” 

Notes on the Chemical Constitution of Cast Iron and Steel. By A. Carnot and E. 
Goutal. Annals des Mines, October, r900 
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novel features. The analyses quickly showed the fallacy of this 
theory, for the total carbon was the same after annealing as 
before annealing, being about 314% in each case, while in the 
ordinary conversion of white iron castings into malleable iron, 
a large part of the carbon is removed by the oxidizing material 
in which the castings are imbedded when subjected to heat 
treatment, and this conversion of white iron into malleable iron 
can only be successfully accomplished on sections of metal of 
moderate thickness, say less than three inches. 

Although this accidental discovery of annealing of white 
iron on the treads of car wheels was regarded as an interesting 
and novel one at the time, the only practical use made of it was 
to guard against a repetition of the accident in the annealing 
pits of the car-wheel works with which I was at that time 


‘connected. 


After the lapse of several years I was called upon to investi- 
gate in a professional capacity, and in the interest of some pro- 
spective investors, the merits of a new process of converting 
white iron castings into steel, and received from the manu- 
facturer a number of axes, hatchets and other edge tools, which 
had been cast in white iron and subsequently converted into a 
metal having evidently many of the qualities of steel. 

Without describing in detail the process to which these 
white iron castings had been subjected, I may say, briefly, that 
they were placed in the muffle of a furnace together with a 
chemical compound claimed to be necessary to the conversion 
of the cast iron into steel. Common salt and crude hydrochloric 
acid were two ingredients of this compound. The similarity 
between this process and the accidental over-annealing of the 
car wheels (with consequent change of the condition of the 
carbon) suggested to my mind that the chemical compound was 
probably unnecessary and that the secret consisted solely in the 
heat treatment, and I so advised my clients. 

The conversion of white iron castings into dense gray iron 
having high tensile strength (approximating that of certain 
grades of steel) capable of being hardened and of taking a sharp 
cutting edge, is no longer a secret, and is carried out on a com- 
mercial scale in a number of establishments. While I cannot 
speak positively, I am of the opinion that the heat treatment 
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alone is now relied upon to produce the desired results. These 
products are not steel castings, though sold in some instances 
under the name of steel; neither are they malleabie iron, but 
they may be described as occupying a peculiar position midway 
between cast steel and cast iron. 

Having given a resumé of the history of this process of 
heat treatment of white iron castings, I will state a few facts 
regarding certain interesting features, including tensile strength, 
of this converted metal. In the early experiments I found that 
there was a vast difference in white irons, some samples remained 
white and hard after having been soaked for many days in the 
annealing furnace, even when subjected to the highest tempera- 
ture below the melting point of the metal, while other specimens 
of white iron of the same dimensions yielded readily to the heat 
treatment and became completely converted into gray iron in a 
few hours at a comparatively low temperature. Analyses of the 
different samples revealed the chief cause of this difference. It 
depends almost entirely upon the presence or absence of silicon 
in the white iron; castings containing only a trace (or a few 
tenths of one per cent) of silicon cannot be successfully treated, 
for only a partial change of the combined carbon into free carbon 
takes place, even after prolonged treatment at the highest tem- 
peratures. Thus, in one of my tests, two white iron bars about 
2 inches in diameter and 12 inches long, were placed side by side 
in the furnace and subjected to the heat treatment for eight 
hours. One of the bars, containing about 0.15% silicon, was cast 
in sand; the other, containing 1.25% silicon, was cast in a heavy 
iron mold, because if cast in sand it would not have been white 
iron. Both bars were equally brittle, equally hard, and per- 
fectly white before treatment; a slight tap with a hand hammer 
was sufficient to break them. When removed from the furnace 
after eight hours soaking at a high heat, and allowed to cool in 
the air, the bar containing 0.15% silicon was unchanged in the 
appearance of the fracture, while the bar containing 1.25% 
silicon was almost gray; it was soft and so ductile that a small 
piece of it was flattened out under the steam hammer while cold. 
The bars were then returned to the furnace, subjected to the 
same heat treatment for six hours longer and allowed to cool, as 
before. No visible change occurred in the low silicon bar, while 
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the other bar was completely converted into gray iron with a 
uniformly fine grained fracture and dark gray color. This bar 
was turned in a lathe to a diameter of 1.129 inches (giving an 
area of 1 inch) and provided with threaded ends for the grips 
of the testing machine. The metal was readily machinable and 
the surface was free from ‘“‘graphite pits,” so characteristic of 
ordinary soft gray iron when machined. This bar was pulled on 
a hydraulic Testing Machine of 100 000 tbs. capacity, and the 
actual load at failure was 47 760 tbs. The elongation and reduc- 
tion of area were not measured, but were very small. 

A number of similar tests were made on bars of different sizes, 
giving tensile strengths ranging between 40 000 tbs. and 50 000 
tbs. per square inch, but manufacturers equipped for making 
converted castings in this way have obtained much higher 
records than these. 

The literature upon this novel and interesting subject is 
very limited, but some valuable papers have been published, 
and it is my desire to present herewith a resumé of the work 
done by several well-known metallurgists in this country and in 
Europe. 

At the meeting of the Mining and Metallurgical Section of 
the Franklin Institute, held June 9, 1897, Mr. Charles James 
described ‘‘A Special Process for Treating Cast Iron,” the 
following account of which appeared in the fFournal of the 
Institute of July, 1897: 

“White iron with approximately 2.40% combined carbon 
and 0.4% per cent graphitic carbon, is used for the purpose. 
The castings are placed in a muffle furnace, in which they are 
subjected to the action of a secret composition (said to be a 
powerful volatile oxidizing agent) and maintained at a tempera- 
ture slightly below fusion for five or six hours. The product 
may be forged and tempered and shows a remarkable increase 
in tensile strength. The total carbon in the product seems to 
be the same as in the untreated iron, but combined carbon has 
been substantially altered into a finely disseminated uncombined 
carbon. 

‘‘Doubts were expressed in the discussion which followed, 
whether the result was not due entirely to the annealing rather 
than to the ‘medicine.’ The prolonged annealing was thought 
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to be a sufficient explanation of the facts. The process is in 
commercial operation in a ei foundry in Rnladeee pro- 
ducing hatchets, hammers, etc.’ 

The Fournal of the Franklin Institute for September, 1900, 
contains an article by Mr. James on the same subject, giving 
abstracts of results obtained from daily business practice, 
extending over a considerable period of time, but though these 
investigations were made for the guidance of commercial opera- 
tions they seem to be of sufficient metallurgical interest to 
justify their presentation. . 

Mr. James states that the irons used were all of Bessemer 
quality. The melting charges consisted of a mixture of gray and 
white irons, of which the following is an average analysis: 


C.C. G.C. Si. Mn. Ss. P: 
AVEC SEA OIa tavaver dhaets eieee eae aes 3.50 50 .50 .20 .08 .08 
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“The composition of the charges was regulated by the 


silicon content, which was made to vary from 1.20% to .go of - 


1%, the average chemical composition of these mixtures being: 


Car DOM aa ushers satu sas iene hc eee 3.40 to 3.80 cy Geek 
SpIlVeLes ai RIAs tush OS AO eee Oi .go to 1.20 
Manganese icici ao ce ener en a5) CONNC2O ~ 
Sullohur aye. oo e eno aa ane eeone 05 to .04 - 
Phosphorus eicseeec nei ee ee noe 104) tom os 


“The iron was sometimes smelted in a cupola, but generally 
in an air furnace. The following is the average chemical com- 
position of a large number of castings: 


C.Cy3,023 G.Cy, Ayeroiguc7Or Nine enact Son Os eeons 


“The weight of the castings ranged from half an ounce to 
2000 tbs. and over. The time required to effect the carbon 
change varied from 3% to ro hours from the time the castings 
had attained their full temperature. 

“The temperature at which the change takes place in 
castings of this description lies between the melting point of 
silver and copper, and may therefore be approximately taken 
at hose” FF. 

‘The change of carbon in castings subjected to the annealing 
process, though gradual, is co-extensive throughout any given 
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cross-section of the casting; no hard centre or core of white iron, 
surrounded by softer metal, having ever been observed in any | 
of the castings examined. No matter at what period the anneal- 
ing may have been arrested, the total surface of any fracture 
always showed a similarity in the condition of the metal, pro- 
vided the composition of the metal was homogeneous and the 
heat treatment had been applied equally to all parts of the 
casting.”’ ; . 

This agrees perfectly with my own observations, and it 
constitutes, moreover, a very interesting and important feature, 
differing from malleable iron castings where a progressive change 
occurs. The central portion of a malleable iron casting is some- 
times found to be practically unaffected by the heat treatment 
as to the total carbon, and unless the casting is very thin, the 
conversion is, in fact, never uniform throughout the section. 
The same law of progressive change in the proportion of carbon 
obtains in ‘“‘case-hardening”’ of steel, though the operation is 
the reverse, 7. e., carbon is imparted to, instead of withdrawn 
from, the metal. 

The following analyses before and after annealing, given by 
Mr. James, show very clearly that the only change effected by 
the heat treatment is in the condition of the carbon: 


C.C. G.C Si. Mn. Ss. PA 
Beforerannealing” ............ 2.00) 372) oe ee OmO 7s EO 
PNECOTANMECAIIG © 65 Grels we ecco: =e IQ PO) 17 LOS EOA OM .O2O 


Mr. James says: “‘I wish, however, to say that, although for 
convenience the term graphite is employed in stating the analyses 
of these castings after annealing, the condition of the carbon 
differs very materially from graphite, either as found free in 
nature or as solidified out from gray iron during cooling. The 
carbon thus formed is evidently identical with what Ledebur has 
called ‘tempering graphite carbon,’ and is an allotropic form 
of graphite, and not merely amorphous carbon.”’ 

Mr. James states that both silicon and manganese exert 
great influence upon the carbon during the annealing process, 
“the presence of silicon being a necessary condition to the 
carbon change. In low silicon iron it is very difficult, and, in 
some cases, impossible, to effect the carbon change, no matter 
how long the iron is exposed to the heat treatment.” 
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My original investigations did not indicate that manganese 
possessed any very marked influence on the carbon change in 
this process, though I am well aware that manganese, especially 
in the form of ferro-manganese, added in very small quantity 
to molten car-wheel iron, exerts a marked effect upon the chill, 
and on the relative proportion of combined and graphitic carbon. 
It is a fact, however, that low silicon irons are usually low in 
manganese, and this, I think, is the reason why Mr. James was 
led to infer that manganese facilitates the carbon change in the 
annealing process. 

Mr. James gives no records of strength of the white iron 
castings converted by him into gray iron by annealing. 

Before proceeding to the consideration of other features, I 
desire to call attention in passing to one point which may, I 
think, have practical value, especially in the manufacture of 
chilled cast iron car wheels. 

It has long been known that wheels having approximately 
the same depth of chill on their treads wear very differently in 
service; some retain their hard surface until the white iron tread 
is gradually worn away evenly all around the wheel; others 
become soft in spots very quickly, necessitating removal from 
service long before the wheel has lived its proper life. 

We know that the action of the brakes on the wheel heats 
the tread, and it seems to me not unlikely, from the foregoing 
observations, that when the silicon exceeds a certain amount, 
say 0.7% in any wheel, a similar kind of annealing of the white 
iron tread of the wheel may occur from the heating action of the 
brakes, thus changing the condition of the carbon, at least to a 
partial extent, and causing the chilled tread to become much 
softer than would happen under similar conditions, where the 
wheel is made of metal containing less silicon. 

The most recent investigations bearing upon the subject 
under discussion corroborate the prior observations fully, and 
may be found in the Bulletin de la Société d’ Encouragement pour 
V Industrie Nationale, Paris, March 31, 1902, under the title, ‘Sur 
lEquilibre des Systemes Fer Carbone,” by G. Charpy and L. 
Grenet. 

The authors call attention to the investigations of M. 
Bakhuis Roozeboom on an interpretation of known facts relating 
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to the constitution of metals formed of iron and carbon, pub- 
lished in the Bulletin de la Société d’Encouragement. November, 
1900, and also to the investigations of Hugh P. Tiemann on ‘The 
Temperature Limits for the Separation of Graphite from Marten- 
site in Pure Cast Iron,’’ published in The Metallographist, 
October, roor. 

The authors say: ‘‘One can believe, then, as appears to be 
admitted by Mr. Tiemann, that the abundant separation of 
graphite, observed by Mr. Royston, was due to the presence of 
silicon in the white iron castings employed.”’ 

We have made a great many experiments on this point, and 
we direct attention in particular to the results obtained on five 
castings containing practically the same percentage of total 
carbon and in which the other elements are found only in small 
proportions, except in silicon, which exists in variable quantities. 
The following table gives the composition of these specimens: 


No. Carbon. Silicon. Manganese. Sulphur Phosphorus. 
im brain ecient 3.60 0.07 0.03 0.01 trace 

rhe A ae edo 3-40 0.27 trace 0.02 0.02 

BIOS on eee oes 0.80 trace 0.02 0.03 

NES CAP CVE Nuh 3.20 Tyas) Om 0.01 0.01 
Greys ce sos fs 3.30 200 ©.12 0.02 0.01 


These specimens had been poured into cold water and did not 
contain any appreciable proportion of graphite, except the last, 
where we foundo.20%. Fragments of these specimens were sub- 
jected to annealing, more or less prolonged, at different tempera- 
tures. Six tables are given showing the length of time of each 
treatment, the exact temperatures, and the proportionate change 
of combined carbon into graphite for each specimen. 

The following conclusions are reached; they are announced 
didactically as laws, and may be so accepted: 

1. The separation of graphite commences at a lower tem- 
perature as the percentage of silicon is increased in the iron. 

2. The separation of graphite having begun, it continues at 
a lower temperature than that required to commence the reaction. 

3. Ata constant temperature the separation of graphite pro- 
ceeds at a lower speed according as the temperature is lower and 
the proportion of silicon is less. 

4. The proportion of combined carbon which corresponds to 
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the equilibrium at a given temperature diminishes when the 
silicon is increased. 

The brochure of Messrs. Charpy and Grenet is embellished 
with several fine micro-photographs showing very clearly the 
micro structure both before and after treatment. No records 
are given of tensile strength of the treated specimens and, as it 
is stated at the beginning of the paper that the white iron 
specimens were obtained by pouring the metal into cold water, 
tensile tests could not be made, for the samples were presumably 
merely small irregular lumps, which are far inferior, I think, for 
such purpose, to the uniform ingots of white iron obtained by 
pouring high chilling metal into heavy iron molds. I have found 
it easy, in this way, to obtain ingots of white iron of any desired 
length and of suitable sections, the dimensions depending, of 
course, upon the proportion of silicon contained in the iron 
poured. By using a flat ingot mold made of thick cast iron 
plates, I have obtained flat ingots 5’ x 8’ x 14” of perfectly 
white iron and containing as much as 2% of silicon. These high 
silicon white iron ingots or plates are very readily converted into 
gray iron by annealing. ~ 

Although I consider it a misnomer to call castings such as 
hatchets, axes, etc., made from white iron changed to gray iron 
by heat treatment and subsequently hardened on cutting edges, 
steel castings, they are certainly very different from true mal- 
leable iron castings or from ordinary gray iron castings, possessing 
qualities more closely resembling steel. 

When the process is carefully and intelligently conducted 
the product is reliable, but prejudice has been developed by the 
fact that some of the manufacturers have not thoroughly under- 
stood the underlying principles and have turned out castings 
imperfectly converted. It is, of course, much easier to make 
perfectly white iron castings from metal very low in silicon, but 
as I have here shown, such metal is unsuitable for the subsequent 
conversion by heat treatment into gray iron, and this I believe 
to be the main cause of many failures. 

So far as I know there are no valid patents covering this 
process of heat treatment of white iron castings for conversion 
into dense gray iron of high tensile strength, capable of being 
forged and tempered, by simply changing the condition of carbon 
without removing any of the original component elements. 
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As the process of converting white iron castings into mal- 
leable iron is well understood and has been carried out on a large 
scale for many years, I have not thought it necessary to allude 
to this product further than to show that it is radically different 
from the converted white iron castings containing all of the 
carbon of the original metal before the heat treatment. Good 
malleable iron castings are very ductile and may be bent almost 
double, and twisted, while cold, without breaking, if the section is 
light enough to permit of complete malleableizing, but annealed 
white castings cannot be thus bent even when commie con- 
verted into gray iron. 

It is true that since the discovery of the fact that hard and 
brittle white iron castings may be changed by simple heat treat- 
ment into strong soft gray iron castings, some makers of mal- 
leable castings modify their old methods and practically rely 
upon heat treatment to anneal their castings without packing 
them in oxidizing material as formerly, to remove the carbon, but 
such heat treatment does not and cannot make true malleable 
iron castings. In other respects, also, converted white iron 
castings, containing all of the original carbon, differ in physical 
properties from malleable iron castings in which a large portion 
of the carbon has been removed. 

In conclusion, I would say that if we can eliminate the false 
name of “‘steel’’ which has been given to converted white iron 
castings, a distinct advantage will have been gained, for I believe 
that the new metal is worthy of taking a special place in the 
metallurgical arts, and I anticipate extended practical applica- 
tions of the process as knowledge of the proper methods of heat 
treatment and of the valuable properties (as well as the equally 
marked limitations) of the metal shall become better known and 


"appreciated. 


Mr. Sauveur. 


Mr. Moldenke. 


DISCUSSION. 


ALBERT SAUVEUR.—I was greatly interested in Mr. Outer- 
bridge’s paper. I do not see clearly, however, why there should 
be such a sharp line of demarcation between the ordinary pro- 
cess of making malleable castings and the new processes of which 
Mr. Outerbridge has spoken. What occurs in a white cast iron 
when it is heated to a high temperature for a long time is quite 
well understood. We know that the combined carbon passes 
to a graphitic or ‘“‘temper”’ condition—if that is the proper name; 
we also know that this passage from the combined to the 
graphitic or free state is helped very much by the presence of 
silicon. This is, after all, all that takes place in these so-called 
new processes. In the ordinary method of producing malleable 
castings, as I understand it, the casting is embedded in some 
oxidizing material which burns some of the carbon. The oxi- 
dizing substance coming in contact with the white cast iron, 
burns from the outside a certain amount of carbon, and the 
carbon migrates from the center to the outside of the piece, just 
as salt would dissolve in water; and the longer the annealing is 
continued, the more carbon is removed. The result is that in 
malleable castings, as generally produced, the center contains 
more graphitic or free carbon than the outside. The outside is 
necessarily somewhat decarbonized, but with this restriction I do 
not see any very great difference between these methods, and I do 
not see why the result should be very different. I can,see very 
well that in these new methods little if any of the carbon is 
removed, especially if no decarburizing or oxidizing substances be 
used to surround the castings; but after all, I look upon these 
in the light of some very slight alteration of the ordinary 
method of making malleable castings. 

R. G. Motpenxe.—Did Mr. Outerbridge say that there are 
castings which differ from ‘‘malleable” castings, for the reason 
that nothing at all is removed from the casting? 
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Mr. OUTERBRIDGE.—I did not intend to say that there was 
absolutely no oxidation of surface; probably there is, but the 
experiments that have been made by all those who have worked 
in the matter, so far as I know, show that the removal of carbon 
in this process where the castings are heated without being 
packed in any oxidizing element at all is practically nil. 

Mr. Mo_penxe.—That is what I wished to find out. Now, 
if 1-16-inch be taken off of the surface of a piece of malleable 
casting, it will be found to be practically wrought iron, as far as 
carbon is concerned; and then if another 1-16-inch be taken off, 
the carbon will be .50%; the third 1-16-inch will show 1.50% 
carbon. When 14-inch has been removed, there will be about 
4.0% of carbon, or practically the full amount of carbon in the 
original casting. If this high carbon core be cut out and tested, 
it will give a tensile strength of probably 38 000 to 40 000 ibs. 
per squareinch. In other words, the first operation in malleable 
castings is a change in the carbon, and the second operation is 
the removal of the carbon in the skin only. I can therefore see 
no difference between the method described by Mr. Outerbridge 
and the ordinary method of producing malleable castings, if 
we admit that the change in the carbon is a part of the malleable 
casting process. And this is the case, as it is well known that 
the change of the carbon belongs to the process. I make per- 
sonally many castings which are so thin that we do not dare to 
put them in the pots with scale; but we have to coat them with 
fire-clay, and the oxidation of the carbon cannot take place. If 
a casting an inch square: or two inches square be coated with 
fire-clay and annealed, the result will not be as good as where 
the carbon in the skin is given an opportunity to be oxidized; 
but there is really no reason why there should be a new class 
of castings brought out on this evidence, which are really only 
inferior ‘‘malleables.”’ 

STANLEY G. Fracc, Jr.—I should like to call attention to 
some information recently given me which seems to rather reflect 
on both conclusions. Some time ago the particular process 
described by Mr. Outerbridge was under discussion, and I 
called attention to the fact that the surface castings made by 
that process were very highly oxidized. The reply was that the 
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process had been very much improved, that the castings were 
now all annealed in roll-scale. I then ventured the remark that 
I thought the nearer this process approached that used for 
malleable iron the better the castings became. 

Now, on the other side of the question: in the western part 
of the country there are manufacturers of malleable castings who 
do their annealing without the use of any compound whatever. 
It is well known that malleable castings may be annealed in 
brick-dust, in lime and in various other compounds, but in the 
particular works referred to they use no compounds whatever. 
I have recently done some experimenting along these lines, and 
have made pretty good castings, but in the ordinary way of 
annealing it is almost impossible to prevent oxidation. The 
best way to prevent it is to use oil instead of coal or coke. 


NOTES ON CURRENT SPECIFICATIONS FOR 
CAST-IRON PIPE. 


By WALTER Woop. 


I had expected to present to the Society at this meeting 
what might have been considered a complete ‘“‘ Digest of Cur- 
rent Specifications of Cast-Iron Pipe,’’ because the subject has 
been under discussion between a committee representing the 
water works engineers of the country and a committee of manu- 
facturers of cast-iron pipe. These committees, however, have not 
yet completed their labors, and what I am about to say will, 
therefore, only indicate the results which we hope to reach. The 
work is being taken in hand very earnestly, because every one 
desires to have a uniform plan of specifications. It may not be 
amiss to say that steps have been taken to have these specifi- 
cations adopted, if possible, by foreign manufacturers, and thus 
secure international specifications for cast-iron pipe. The 
differences that exist in specifications for cast-iron pipe are not 
large, nor many; they have fortunately been kept within narrow 
limits, because the specifications originally drawn up by Mr. 
Kirkwood forty years ago for the city of Brooklyn have been the 
foundation on which all cast-iron pipe specifications have been 
built. The hardest point to overcome will be the impression 
which engineers have that good politicians will make good 
inspectors. There has been a great deal of controversy on that 
point. 

I shall pass by those points of the specifications that a body 
like this, whose thoughts dwell upon testing, do not desire to 
take up, yet in doing so, I desire to bring out one thought, which 
is exceedingly important both for the manufacturer and to the 
buyer of material, namely, that a variation in weight of individual 
pieces should be adopted that will be practicable for the manufac- 
turer to easily obtain, and yet at the same time to guard the ques- 
tion from the purchaser’s standpoint so that the variation of the 
total delivery shall come close to the engineer’s expectation. Cast- 
iron pipe can easily be kept within a variation of 4% in weight, 
and, on the total shipment, within a variation of 2% from the 
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standard. Where there is a factor of safety used of 500 to 
600%, a difference in the variation of 1% or 2% in the weight of 
the individual pieces seems too small to lay stress on when 
granting it will aid the manufacturer in cost of production. 

To come to those points which are most interesting to us, 
I may say that the practice in testing has gradually changed 
from tensile to transverse stress. Formerly we were required to 
furnish metal which would stand a tensile stress of 16 000, and 
in some cases 18 ooo pounds per square inch. At present the 
usual requirement is that a 2’ x 1’ bar, 26 inches long, shall be 
capable of supporting a load of 1 800 to 2 000 pounds on sup- 
ports 24 inches apart before breaking. It is also the custom 
to test finished pipes by internal hydraulic pressure. This 
test has not been carried to the point of destruction, but is 
limited generally to 300 pounds per square inch, and is really 
not a test of the normal strength of the casting, but simply 
intentled to reveal latent defects that may not have been dis- 
covered in its prior examination. This hydraulic test is thus 
more a manufacturing than a scientific test. A good casting is 
thus very seldom broken, and then only on account of internal 
stresses. 

It may be of interest to speak of the coating of cast-iron 
pipe, which was first done with what is known as the prescription 
of Dr. Angus Smith, of Glasgow. The lines laid down by Dr. 
Smith have been readjusted and entirely forgotten, although his 
name is still retained in specifications. The prescription called 
for a certain amount of chalk, and a certain amount of oil mixed 
with the tar, but engineers have now adopted a distillation of 
coal-tar, containing only sufficient oil to keep it elastic, which is 
applied at a temperature of 300°. When the Metropolitan Water 
Board of Massachusetts took up the subject of the supply of 
Boston and the surrounding cities, they made quite an elabo- 
rate examination as to how far the usual simple means of coating 
castings could be improved upon. Their conclusion was that 
the most economical and most effective way of coating cast-iron 
pipe is by the use of the standard distillation of coal-tar, as is 
practiced at present. 

As to material, the iron we find most suitable for making 
pipes is an average quality. Of course we have to accept such 
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percentages of phosphorus and manganese as the mixture at each 
particular furnace dictates. We prefer to have the phosphorus 
over 0.5%, and do not object if it runs up to, or slightly exceeds, 
1%. In fact, in all small castings it is quite essential to have 
the iron fluid, and to reduce the shrinkage so that the heads or 
sockets will not draw off of the top of the pipe. In the same. 
way we find that .75 to 1.5% of manganese is desirable. 

As to sulphur, we are the victims of circumstances; we 
would, of course, like to get rid of it altogether. Silicon should 
vary according to the weight of the pipe, from 1.25 % for heavy 
pipe to 2.25% for light pipe. There are, undoubtedly, a number 
of questions as to the value of pig iron for casting purposes, 
based upon other impurities and its mode of manufacture, which 
a Society like ours will gradually solve by a persistent comparison. 
of analyses of the metal with the results obtained from its use.. 
These, we must leave to the future. 
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ON THE CONSTITUTION OB CAST TRON: 
By Henry M. Howe. 


Of the constitution of steel, and of the relation between its 
composition on one hand and its microscopic constitution and 
its physical properties on the other, we have already accumu- 
lated much knowledge. It appears to the writer that this 
knowledge offers a point of vantage from which to begin the 
study of the like relation between the composition and properties 
of cast iron. It is true that an important class of writers vir- 
tually insists that this knowledge must not thus be used, appar- 
ently holding that the very act of conferring a distinct name, 
cast iron, upon the iron-carbon compounds rich in carbon, has 
in some way operated to debar investigation along this line. 
But, as these writers have offered no reason in support of their 
injunction, save their own undoubted authority, and as the 
writer is no respecter of authorities, he proposes in the present 
paper to resume this banned mode of study. 

Regarding cast iron as composed of two distinct parts, (1) 
its graphite, and (2) the remainder of the mass, which is metallic 
and may for brevity be called the matrix to distinguish it from 
the graphite, I advanced, in an earlier paper,* the principle that 
the strength of the whole mass ought to be (1) inversely as the 
quantity of graphite, which I regarded as necessarily a weakening 
and embrittling substance, and (2) dependent on the composition 
of the matrix, increasing or decreasing as this approached or 
receded in either direction from the composition of the strongest 
steel. While this composition, which should give the strongest 
matrix, should depend greatly on the quantity of the different 
elements such as silicon, phosphorus, manganese and sulphur, 
yet, were these constant, then the strongest matrix should be 
that with 1 or 1.20% of carbon, because that is the strongest 
steel, the strongest iron-carbon compound, as appears from many 
investigations. 

In the present paper I propose to develop these ideas some- 
what, and in particular to test them by presenting evidence as to 
the truth of two corollaries from them. 


«The Constitution of Cast Iron, with Remarks on Current Opinions Concerning 
It.” Trans. American Inst. Mining Engineers, XXXI, p. 318, Feb., roor 
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Graphiteless steel and graphiteless white cast iron seem to 
form a single continuous series, which we may call the pearlite 
series. That is, they seem to consist either (1) of pearlite alone, 
or (2) of pearlite plus ferrite, or (3) of pearlite plus cementite, 
according to whether they contain (1) 0.80% of carbon, or (2) 
less or (3) more than this quantity. 

This has been shown to be true for our common carbon 
steels; and the present work assumes, for simplicity, that it is 
true for the whole range of graphiteless steels and graphiteless 
white cast iron. Naturally, this hypothesis should in time be 
tested. 

Table 1 gives the microscopic constitution of this pearlite 
series on this hypothesis. 


TABLE I. 


THEORETICAL CONSTITUTION OR MICROSTRUCTURAL COM- 
POSITION OF THE PEARLITE SERIES, SLOWLY 
COOLED STEEL AND WHITE CAST IRON. 


PROXIMATE COMPOSITION. 
Carbon. Per Cent. 
Name. Peele 23 
veges Pearli Excess* Excess* Total Total 
“pags Ferrite. |Cementite.| Ferrite. Cementite. 
| | 
| ¢ 5 ° aero 100 fo) 100 ° 
| S's 0.10 | 12 88 fo) 98.5 sat 
o Oc 20 era's, 75 fo) 97.0 3.0 
0.30 | 37 63 ° 95-5 4:5 
| Es 0.40 50 50 ° 94.0 6.0 
#3 8 O.5O. =) 62 Seen ° 92.5 7.5 
= 0.60 75 25 ° QI.0 9.0 
: 0.70 87 13 ° 89.5 LOn5 
ie . - if 2 
Fs 0.80 | roo ° ° 88.0 12.0 
ae oe 0.90 98 fo) 2 86.5 Ta. 
| I.00 97 ° 3 85.0 15.9 
as 3G Ke) 95 ° 5 3385 16.5 
| & 1.20 93 fo) 7 82.0 18.0 
& 1.30 gi ) 9 80.5 *1O.5 
2 1.40 90 ° IO 79.0 21.0 
| = 1.50 88 ° 12 lakes Daas 
| 1.60 86 fo) 14 76.0 | 24.0 
170 85 ° 15 74.5 Ions 
1.80 83 ° 17 (PO) 27.0 
1.90 81 ° 19 ppt 28.5 


*‘‘Bxcess Ferrite’? means the ferrite in excess over the pearlite ratio, or in other 
words the free or structurally free ferrite which does not form part of the pearlite. ‘ Total 
Ferrite’? means the sum of this excess ferrite plus that cor tained in the pearlite. So, 
mutatis mutandis, with ‘‘ Excess Cementite’’ and ‘' Total Cer entite.”’ 
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PROXIMATE COMPOSITION. 
Carbon. Per Cent. 

oa Per Cent. | me 
: Excess* Excess* Total Total 
ee. Ferrite. | Cementite.| Ferrite. | Cementite. 

2.00 80 ° 20 70.0 30.0 

2.10 78 ° 22 68.5 2725 

2.20 76 fo) 24 | 6720 33.0 

fe) 2.30 74 ° 26 65.5 Bas 

im 2.40 73 ° a 64.0 36.0 

a 2.50 We ° 20 62.5 3705 
< 2.75 66.75 9 33-25 | 58.75 | 41.25 

oO 3.00 62.5 ° 3755) te Seo 45.0 
a B25 58.25 ° ALT 5 |) e525 48.75 

= 3:50 54-0 ° 46.0 47-5 52-5 
= 3-75 49-75 ° 59.25 | 43-75 | 56.25 
4.00 45-5 ° 54-5 36.25 | 63.75 

4.50 27,0 ° 63.0 Bans 67.5 


Fig. « sketches the physical properties of this series in a 
general way. ‘The lines here given must be taken simply as indi- 
cating roughly the normal properties of the materials. It should 
of course be applied with great caution. For instance, we know 
that the strength of steel can be more than doubled by varying 
the rate at which it is cooled. Other causes also change its 
strength greatly. 

Gray cast iron, together with those high-carbon steels which 
contain graphite (though this is usually in very small quantity), 
form a second series, which we may call the graphito-pearlite 
series. That is to say, they consist essentially of (1) their 
matrix, which is some one member of the pearlite series, plus 
(2) their graphite. 

By their ‘‘ Matrix’? I mean the whole of their ferrite and 
cementite, 7. e., their metallic part. This forms a sort of 
metallic matrix, in which is imbedded the wholly non-metallic 
graphite practically as a foreign body. This matrix, in that it 
consists, according to our hypothesis, of ferrite and cementite, 
is identical in composition and constitution with some one mem- 
ber of the pearlite series, because every member of that series is 
thus composed of ferrite and cementite. Thus these graphi- 
tiferous steels and cast irons, as has just been said, consist, 
according to our hypothesis of (1) a metallic matrix of ferrite 
and cementite, identical in each case with some one member of 
the pearlite series, and (2) their graphite. 
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Constitution and Properties of Mottled and Gray Cast Iron, 
the Graphito-Pearlite Series—In the paper already referred to I 
made a first attempt to reconcile the constitution and properties 
of the pearlite series. That task was a relatively simple one; 
the parallel task in our present case of the graphito-pearlite 
series is more difficult, perhaps not so much because we as yet 
only conjecture the constitution of this series and because our 
knowledge of its properties is extremely fragmentary, as because 
of the greater complexity of its constitution. Table 1 shows that, 
as regards the relation between composition and constitution, 
we may for our present purpose assume that the pearlite series 
has but a single variable, the carbon-content; it is, as it were, a 
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Fic. 1. Physical Properties and Assumed Microscopic Constitution of the Pearlite 
Series. Graphiteless Steel Slowly Cooled, and White Cast Iron. 

Note. By “Total Ferrite’ is meant both that which forms part of the pearlite and 
that which is in excess of the pearlite, taken jointly. So with the ‘‘Total Cementite.”’ (}<7 


single line, each percentage of carbon corresponding to a fixed 
and definite percentage of ferrite and of cementite respectively. 
The graphito-pearlite series on the other hand, has two variables, 
the carbon-content, and the distribution of that carbon between 
the conditions of free graphite and of combination as cementite.* 
The series thus is not a single line but a field, since for each 
percentage of total carbon the distribution between the graphitic 
and cementite states varies widely; and with each of these 


*In the present paper I discuss the constitution and properties of only slowly-cooled 
material supposed to consist of pearlite and ferrite or cementite, togetner with graphite. The 
carbon present, then, will be in every case either in the condition of graphite or of combined, 
i e., cementite carbon. ‘‘ Combined carbon,”’ then, in this article refers to cementite carbon, 
wick for uniformity I have spoken of throughout as combined carbon. 
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variables, total-carbon-content and carbon-distribution, the con- 
stitution varies. 

Let a single instance of each of these variations serve as an 
example, adopting our present hypothesis: 

(1) Total Carbon Constant, Graphite Varies.—A cast iron with 
4% of carbon may have all, or none, or any intermediate part 
of that carbon in the form of graphite. If the whole 4% is 
graphite, then the cast iron as a whole is a conglomerate of (1) 
that 4% of graphite plus (2) a metallic matrix forming 96% of 
the whole mass, and itself consisting of pure ferrite. If, on the 
other hand, only 1% of that carbon is graphite and the remain- 
ing 3.00% is combined as cementite, then the cast iron as a 
whole is a conglomerate of (1) 1% of graphite, and (2) a metallic 
matrix forming 99% of the whole mass, and itself containing 
(4-1) X 100 + 99 = 3.03% of carbon, and therefore by Table 1 
consisting of 54.55% of ferrite and 45.45% of cementite, or say 
ssand 45%. To recapitulate this: 


TABLE 2, 
CONSTITUTION. 
Per Cent r+, 
Name of Cast Iron of é Constitution 
Garbon. ||| Graphite: Metallic of Matrix. 
Per Cent Mate | 
“| Per Cent. | Ferrite. | Cementite. 
Per Cent. | Per Cent. 

WeryaOpen eray name 4 4 96 100 co) 
Mottled marr ssa ee 4 I 99 55 45 


(2) Graphite Constant, Total Carbon Varies.—Let us next 
assume that there is 1% of graphite, and that the total carbon 
varies from 3 to 4%. With 3% of carbon, the constitution is 
(1) free graphite 1%, (2) metallic matrix 99%, itself containing 
(3-1) X 100 + 99 = 2.02% of carbon, and therefore, by Table x 
consisting of ferrite 69.7%, cementite 30.3%, or say 70 and 30%. 

With 4% of carbon, on the other hand, the constitution is 
(1) as before 1% of free graphite, and (2) as before 99% of 
metallic matrix, consisting of 55% of ferrite and 45% of cement- 
ite. To recapitulate this: 
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TABLE 3. 
ConsTITUTION. 
Per Cent 
Name of Cast Iron. of Be tae Metallic heed 
Carbon. 5 we e. Mate of Matrix. 
Sea Per Cent. Ferrite. | Cementite. 
| Per Cent. | Per Cent. 

PROUGLE CUA foie cots ie aun 3 I 99 70 30 
MO Ute Ger fn a. ccc oe 4 I 99 SS 45 


Correspondence Between the Constitution and Properties of 
the Series —Rather than seek to cover this whole area of the 
graphito-pearlite series, let us consider a single line in that area; 
for the principles which apply to that line should apply to the 
area asa whole. Let us select for our line that of total carbon 
4%, and graphite varying from o to 4%. This is perhaps the 
most useful line for our study, because it passes about through 
the average of our commercial pig irons, a large proportion of 
which contain not far from 4% of carbon, 7. e., are approxi- 
mately saturated with carbon in the blast-furnace. These irons, 
or the most important of them, then, differ relatively little in 
their total carbon-content, but they differ very greatly in the 
distribution of that carbon between the conditions of graphite 
and of combined carbon. 

Let us see how far the properties of such a series of cast 
irons, so far as we know them, agree with our hypothesis, that 
each member of this series is essentially a conglomerate of (1) 
the corresponding member of the pearlite series as a metallic 
matrix, and (2) graphite. 

To this end let us try to forecast the properties of this 
series of cast irons all containing 4% of total carbon, but with 
the distribution of that carbon between the state of graphite and 
that of cementite varying. All the carbon that is not in the 
state of graphite is assumed to be in the state of combined carbon 
in the cementite of the matrix; which assumption fixes the con- 
stitution and composition of the matrix for every assumed per- 
centage of graphite. 

In order to arrive at this forecast, we in effect ask, in what 
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direction and how much should the properties of the cast iron as 
a whole differ from those of its matrix? And we answer this on 
the assumption that the difference between the properties of the 
cast iron and those of its matrix is solely that due to the presence 
of a mechanical admixture of graphite in that matrix. 

We next ask, as a means of verifying our hypothesis, how 
far does this forecast agree with our knowledge of the properties 
of such cast irons? 

Fig. 2 may facilitate such a forecast. First the lines 
which in Fig. 1 show the physical properties of the pearlite series 
and those showing the proportion of ferrite and of cementite in 
that series are here reproduced, with the same lettering as in 
Fig. 1. These lines are supposed to show the constitution and 
properties of the matrix, for varying composition, 7. e., for 
varying carbon-content, of that matrix on the assumption that 
the properties of the matrix itself, its tensile strength, ductility 
and hardness, are the same as those of a graphiteless steel or a 
graphiteless white cast iron which has the same carbon-content 
and hence the same microscopic constitution as the matrix. For 
instance, the mottled cast iron of the second line of Table 3 is 
represented by ordinate W of Fig. 2. Table 3 shows us that the 

constitution of its matrix is ferrite 55%, cementite 45%. Turn- 
ing now to Table 1 we find that this is the constitution of white 
cast iron containing 3 per cent of total carbon, all of which is 
combined as cementite. Accordingly, the lines in Fig. 2 which 
give the constitution of this matrix (‘‘ Per cent Ferrite in matrix” 
and “‘Per cent Cementite in matrix’’) cut this ordinate W at 
55% and 45% respectively. Next, Fig. 2 assumes that the 
properties of this matrix itself, as distinguished from the cast 
iron which contains it are the same as the properties of such a 
white cast iron with 55% ferrite and 45% cementite; hence the 
line ‘‘Tenacity of matrix” cuts ordinate W at the same height 
as that at which it cuts the 3% carbon ordinate in Fig. 1; and 
so with the lines ‘“‘Hardness of matrix”’ and “Ductility of matrix.” 

These three lines, then, give us the tenacity, ductility and 
hardness, on the present hypothesis, of the matrix of each cast 
iron of this series shown in Fig 2, as a basis for forecasting the 
properties of the cast irons themselves regarded as a conglom- 
erate of (1) their matrix and (2) graphite; the properties of this 
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conglomerate, 7. e., of the several cast irons each taken as a 
single conglomerate whole, are represented by the lines ‘‘ Tenac- 
ity of whole,” ‘‘Ductility of whole” and ‘Hardness of whole.” 
The forecast which will here be made will be a first attempt to 
determine the position of these three lines, as inferred from 
our hypothesis. 

Above the diagram is a line showing the trade name or grade 
of the cast iron as a whole, and above it a second line showing 
the nature of the matrix by what we may call its trade name. 
In other words, this line gives the trade names of the different 
classes of steel or cast iron to which the matrix corresponds in 
constitution, in different regions of this series. For instance, 
the words ‘‘Medium carbon steel” in this line mean that the 
matrix of the cast irons beneath these words has the same ulti- 
mate chemical composition and therefore, on our hypothesis, 
the same microscopic constitution, 1. e., the same percentage 
of ferrite and cementite, and also the same physical properties, 
which medium carbon steel has. 

Below the diagram are given the observed properties of the 
different kinds of cast iron here represented, and the kinds of 
uses to which they are fitted. | 


ATTEMPT AT A FORECAST. 


Let us first ask ‘‘How should the interspersing of flakes of 
graphite affect the properties of the several members of the 
pearlite series?’’ Or, in brief, “Should the tenacity, hardness 
and ductility lines of the graphito-pearlite series lie above or 
below those of the pearlite series, and how far above or below?” 

At the right end of the diagram, where graphite is zero, each 
line for the properties of the cast iron as a whole should touch 
‘ the corresponding line of the matrix; 7. e., the properties of the 
matrix and of the whole are identical because the matrix is the 
whole. This fixes the right-hand end of each line. 

Let us consider the position of the remainder of the line for 
tensile strength, and then for ductility and hardness. 

Tensile Strength—As graphite is itself a very weak sub- 
stance, interspersing flakes of it through our metallic matrix 
should be qualitatively like setting weak links in a strong chain, 
or, since the flakes of graphite are not continuous, like here and 
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there notching or sawing part way through certain links of a 
chain. It needs no persuasion to show that these continuity- 
destroying flakes should weaken the mass, and that the weaken- 
ing effect should increase with their quantity. We admit then 
that the tenacity line for the cast iron must throughout lie 
beneath that of the matrix. 

How far below D will its left-hand end lie? From our 
general knowledge of the facts we may put the strength of this 
cast iron, 2. e., the position of G, at 12 ooo pounds per square inch, 
as the tensile strength of a very weak cast iron. At first we 
should suppose that as, on passing to the right, the proportion 
of graphite decreases continuously and regularly, so should its 
influence, and so in fine should the gap between the tenacity 
line for the cast iron and that for the matrix decrease regularly; 
that is to say, the distance between the two lines should be a 
regularly decreasing percentage of the ordinate of line DEF: in 
short, we should at first expect a regularly decreasing-per- 
centage gap. But this assumption would be too far wrong, as 
appears clearly even on the superficial examination here possible. 
Let us look a little into this question. 

The weakening effect of graphite is due primarily to its 
breaking up the continuity of the metallic matrix. Assuming 
first, for the moment, that the influence of the graphite is pro- 
portional to the area of the flakes of graphite, and that the area 
is proportional to the percentage of graphite, and assuming as 
we have, that the left-hand cast iron of our series with 4.00% 
of graphite and no combined carbon, has a tensile strength of 
I2 000 pounds per square inch against 50 ooo pounds in case of 
pure ferrite, then in this case the weakening effect of our 4% of 
graphite is 50 000 — 12 000 = 38 ooo pounds per square inch or 
76%. Supposing the influence of graphite to remain propor- 
tional to this, what should the strength of the cast iron with 
matrix of composition E be? The percentage of graphite in 
this iron is 2.80. The weakening effect of this quantity of 
graphite should be 76x 2.80 + 4.00 = 53%. . The tensile 
strength of the matrix itself should, from Fig. 2, be 135 000 
pounds per square inch. As the tensile strength of the cast 
iron as a whole is to be 53% below that of the matrix, it should 
be 135 000 (100 — 53) + 100 = 63 500. 
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This, then, is the first result of our attempt to test our 
hypothesis. Is this result sufficiently near the truth to support 
the hypothesis? Manifestly not. From all our knowledge of 
the subject, it is highly improbable that cast iron of this com- 
position, combined carbon 1.20%, graphite 2.80%, has so great 
tensile strength. 

In view of this, we next consider whether in making our 
calculation, we have not omitted some important consideration, 
which should affect our result, and bring it closer to the truth. 
Many such considerations may exist; three certainly suggest 
themselves. Of these the first two have to do with the rate at 
which the influence of the graphite increases, while the third has 
to do with the variations in the effect of the graphite due to its 
changing composition and properties of the matrix itself. We 
will now take these up consecutively. 

The Influence of the Graphite Increases Less Than Pro- 
portionally to its Percentage.—For simplicity I have thus far 
assumed that the influence of the graphite on tensile strength 
ought to be proportional to the percentage of that substance. 
This might be true in case the dimensions of the individual 
flakes of graphite remained constant, so that a cast iron with 
4% of graphite differed from one containing 2% simply in having 
twice as many flakes, but of the same area and thickness. 
If, however, the increase in the quantity of graphite was accom- 
panied by a change in the size or shape of the individual flakes, 
then, while the influence of the graphite should still increase 
as the quantity of graphite increased, so that the influence 
of the graphite should be as some power of its percentage, yet 
this power should not be unity. 

Two considerations go to show that this power should be 
less than unity, or in other words, that the first small quantity 
of graphite ought to have a more powerful effect, per cent for 
per cent, than later additions. These considerations are as 
follows: 

If we were to assume that, as the percentage of graphite 
increased the number of flakes of graphite remained constant, 
and that each flake or sheet grew simultaneously both in thick- 
ness and in width, so as to preserve the initial relation between 
its thickness and its area; then the area of the flakes should 
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increase as the two-thirds power of the percentage of graphite. 
_ Now it might be reasonably held that the weakening effect of 
these flakes of graphite should be more nearly proportional to 
the area of the several flakes, than to their volumes; and hence 
that, on this assumption, the influence of the graphite should 
increase more nearly as the two-thirds power of the percentage 
of graphite than directly as that percentage. 

As it is probable that, as the graphite increases, there is an 
increase both in the number of flakes and in the area of certain 
of them, this consideration points to a power between two-thirds 
and unity. 

The second of our three considerations is that, once our 
matrix has been weakened by the notching effect of the pres- 
ence of a certain given quantity of graphite, a further increase 
in this notching through an increase in the percentage of graphite 
should not have a proportionally great effect. This may be 
made clearer by considering the effect of a like increase of notch- 
ing on the strength of a strip of cloth under tensile stress. 

Thus, if we were to cut above the notch A in Fig. 3 a 
second notch just like it, this second notch should not materially 
add to the weakening effect caused by the first. Nor, if a 
second notch should be cut at the opposite edge of the cloth, on 
the same horizontal line as A, is it clear that this second notch 
would add greatly to the effect of the first. It would be like 
filing on one side of a given link in a chain, a notch exactly 
like that one already filed on the other side of that link. The 
second notch would certainly weaken the chain somewhat, but it 
would not double the effect of the first notch. Here, then, is a 
second reason for holding that the weakening influence of the 
notching caused by the presence of flakes of graphite should 
increase according to some power less than unity, of the per- 
centage of graphite itself. 

As the immediately preceding consideration pointed to a 
power between two-thirds and unity, and as this last considera- 
tion makes for a further lowering of the power, let us adopt 
temporarily two-thirds as this power, and again calculate on 
this new assumption the tensile strength of cast iron with 
matrix E. Doing this we find that the presence of 2.80% 
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graphite lowers the tensile strength by 60%, which gives a 
calculated tensile strength of 54 000 pounds per square inch.* | 

But this is still too high; it is not probable that cast iron 
of this composition, combined carbon 1.20%, graphite 2.80%, 
has such great strength. So we turn to our next consideration, 
based on the changing constitution and properties of the matrix. 

Influence of the Properties of the Matrix on the Weakening 
Effect of the Graphite —The third consideration to which atten- 
tion is asked is that the weakening effect of the graphite should 
increase with the carbon-content of the matrix, which the 
graphite weakens through breaking up its continuity. 

This breaking up of continuity is in effect like nicking or 
notching our matrix. But all our experience shows us that the 
effect of notching varies greatly with the nature of the material 
notched. In two like rods, one of oak and the other of glass, 
file a like sharp notch. The strength of the oaken rod is hardly 
affected, while that of the glass rod is lessened out of all pro- 
portion to the quantity of material removed by filing, so that 


‘the rod is easily snapped by the fingers. The effect is like that 


of notching one edge of a strong roll of cloth (Fig. 3). Suppose 
that such a piece of cloth is firmly gripped at its two ends by the 
frames D and E, and that these frames are pulled away from 
each other; the cloth comes under tensile stress, which we may 
assume is evenly distributed, and represented by the arrows. 
Because of the notching, the material at A, which, but for the 
notching would have to resist only stress dd, now has in addition 
to resist a large part of stresses aa, bb and cc. It yields under 
the concentration of stress, as then does its next successor when 
in turn exposed to the stress, and so the piece breaks down in 
detail. But the pliant oak or lead or copper is affected rela- 


* The details of the calculation are as follows: Wehave already calculated that the 
weakening effect of 4% of graphite was 76%, t.¢., that it brought the tensile strength of the 
cast iron as a whole 76% below that ofits matrix. Following the assumption that the weak- 
ening effect of the graphite is as the two-thirds power of the percentage of graphite, the 
weakening effect of the 2.80% of graphite corresponding to point E should be found by the 
proportion: 


2 2 
3 


42: 2.80°= 76:x = 60%. 


The tensile strength of this cast iron with 2.80% of graphite and 1.20% of combined car- 
bon should be 60% less than that of its matrix; this we have already seen has a tensile 
strength of 135 000 pounds per square inch; so that the tensile strength of this cast iron 
should be 135 000 X 49 + 100 = 54 000 pounds per square inch. 
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tively slightly by such notching, and so is the pliant ferrite, as 
we know it in the low-carbon steels and wrought irons. 

Let us apply this to the pearlite series. The 1.20% carbon 
steel represented by point E in Fig. 2 is a relatively rigid, 
unyielding material, with but little ductility; the pure ferrite 
represented by D is extremely ductile. The former is nearer to 
glass, the latter to oak or copper in its properties. Hence it is to 
be expected that a given degree of notching should remove a 
far greater fraction of the 
strength of the former than 
of the latter. Hence it would 
not be at all surprising were 
we to find that the strength 
of the cast iron correspond- 
ing to E instead of being 
100 — 60 = 40% of E, or 
54 000 pounds, should actu- 
ally have only say 30% of E, 
or Say 135 000X 0.30 = 40-° 
500 pounds per square inch. 
Following this reasoning, the 
tensile strength line GAF has 
been drawn. It is clearly 
conjectural; yet it appears 
to fit fairly well both the 
facts, so far as observed, 
and our hypothesis. 

Tensile Strength of Malleable Castings.—The high tensile 
strength of malleable cast iron castings agrees easily with our 
hypothesis, and with the view that the size of the particles of 
graphite as well as the quantity of graphite should influence the 
tensile strength greatly. 

Indeed, the fact that these malleable castings have three 
features, each of which, according to our hypothesis, ought to 
lead to high tensile strength, goes to make the great strength of 
these castings a support to this hypothesis. In other words, the 
fact that these castings, which according to our hypothesis ought 
to be strong, actually are very strong, in itself supports the 
hypothesis. 


Fic. 3. Effect of Notching on Tensile Strength. 
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The three features of the constitution of malleable cast iron 
to which I refer are the following: 

(1.) Its total carbon is in general much less than that of 
common gray cast iron. 

(2.) In many of the reported analyses the combined carbon 
is not far from 1.20%. 

(3.) Its flakes of graphite are extremely fine, whereas those 
of gray cast iron are very much coarser. 

Now, reasons (1) and (2) are not in themselves sufficient to 
account readily for the high tensile strength of these castings. 
Hence we refer part of this high strength to the third reason, the 
fineness of the graphite itself. 

Ductility— (1) Qualitatively. But little persuasion is 
needed to convince one that interspersing flakes of a non- 
extensible, 7. e., non-ductile (though indeed flexible), sub- 
stance like graphite through the metallic matrix should 
lessen its ductility. Ductility implies flow and rearrangement 
of the particles of the metal, which, as the mass is drawn out, 
should perform the ‘“‘ladies’ chain’’ figure of the quadrille, a 
given particle relinquishing its grasp on some of its initial 
neighbors and instead attaching itself to new intimates. The 
least consideration of what takes place during elongation beyond 
the elastic limit gives us this idea; and the beautiful experiments 
of Ewing and Rosenhain show that this conception is essentially 
true. Conceive a ductile metallic ball one inch in diameter 
gradually drawn out into a thin wire one-hundredth of an inch 
in diameter and 555 feet long. When we begin to elongate the 
sphere and before the elastic limit is reached, each small particle 
(or let us say each molecule, whichever conception is the easier) 
may be supposed to elongate proportionally, like the particles 
of a rubber ball, each molecule retaining its initial contact with 
all of its neighbors. Hence the return to the initial shape when 
the deforming stress is released. But when the elastic limit is 
passed we are forced to suppose that some at least of the mole- 
cules part company with some of those with which they were 
initially in contact, and attach themselves to new ones. Thus 
our sphere had a surface of 3.14 square inches; our wire has a 
surface of 209 square inches, or 66 times as much. Now, were 
our new and great surface composed exclusively of the initial 
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surface molecules, each so distorted as to offer 66 times as much 
surface as initially, and were this same distortion to extend 
through the mass, then on releasing the stress these molecules 
should all resume their initial dimensions, and so should the 
mass as a whole return to its initial spherical shape; in short, 
the elastic limit should not have been passed. The very fact 
that it has been passed indicates that the individual molecules 
have undergone something more than the deformation of those 
of a rubber ball; and this ‘‘something more’’ is, I take it, a 
regrouping, a ladies’ chain, a divorce and remarriage. 

To bring about this supposed 66-fold increase of the surface, 
many molecules which were initially submerged below the sur- 
face must have emerged to the surface. Conceiving for the 
moment that each molecule is a perfect cube, and that all our 
cubes are laid square, it follows that every submerged molecule 
has contact with a neighbor on six of its faces, while every 
emerged one is in contact with only five of its neighbors: in 
other words, that that one of its six faces which forms part of 
the surface of the sphere is without such contact. And no matter 
what shape we assign to the molecules, a like conception forms 
in our minds. Now the 66-fold increase in the area of surface, 
z. é., in the number of surface molecules, implies that each of an 
enormous number of molecules which were initially submerged 
and in contact with six neighbors, in emerging and reaching the 
present state of contact with only five neighbors, must at the 
very least have parted company with one of its initial neighbors; 
and we cannot resist the inference that this parting has been 
simply one of many steps, of many linkings and unlinkings, 
probably thousands of them, during the drawing out from the 
initial state of a sphere into the final state of a wire. 

Our conception that, while distortion within the elastic 
limit does not imply regrouping of the particles, elongation 
beyond that limit does, is strengthened by considering the dis- 
tortion of cotton. The loose wool of cotton* may be pulled by 
the hand into every kind of shape, and it is practically wholly 


* By the “ wool of cotton,”’ often called “‘ cotton wool’ I refer to the loose cotton be- 
fore spinning, as distinguished from cotton thread and cotton cloth. It is similar to “cotton 
batting” and is familiar to all as the soft fluffy, pink, woolly substance which jewelers 
put loosely into small boxes to hold small pieces of jewelry 
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inelastic; it does not return to its initial shape. This is because 
its fibers are so loosely interhooked that they readily give up 
their old loves for new. As ductility is one manifestation of 
the power of being elongated beyond the elastic limit, a lump 
of such cotton wool may be regarded as extremely ductile in 
the sense that, while wholly inelastic, it can be distorted or 
drawn out in any direction and to a very great degree, and 
that when thus drawn out it retains its new shape instead of 
returning elastically to its original shape. Now, we may refer 
this quasi-ductility to the facility with which the unclosed 
hooks of the loose cotton release one another and immediately 
hook into new ones. But let us spin that cotton into thread 
and thereby lock hook into hook so firmly that this divorce and 
remarriage is no longer possible, and ductility is nearly de- 
stroyed. The thread can undergo very little distortion beyond 
the elastic limit; and this we may say is because remarriage is 
impossible, and this in turn because the interlocking is so firm 
that if divorce occurs it destroys the hooks themselves, without 
which remarriage cannot occur. This may aid our conception 
that ductility, 7. e., the power of being elongated past the elastic 
limit, of taking great permanent set, implies power of the 
particles to divorce and remarry. 

Now this remarrying power must of course be interfered 
with by the presence of any foreign body like graphite. Any 
given molecule can during distortion readily part from its initial 
neighbors; but how can it embrace a new one from which it is 
separated by a layer of graphite, even if that be ever so thin? 

How then is slag-bearing wrought iron ductile? It is duc- 
tile along the grain, because under distortion parallel with them- 
selves the rods of slag do not interfere with remarriage. But it 
is brittle across the grain because they do interfere with trans- 
verse remarriage. This case of wrought iron, then, rather 
supports than opposes this idea of the necessarily embrittling 
effect of graphite. 

Admitting, then, that graphite should lessen ductility, and 
provisionally and for the sake of simplicity that this lessening 
should be proportional to the percentage of graphite (it is of 
course also dependent upon its distribution), the ductility line 
for the cast iron should throughout lie beneath that of the matrix, 
with regular percentage decrease of the gap from left to right. 


262 Howes on THE CONSTITUTION OF Cast IRON. 


(2) Quantitatively. Unfortunately there is little published 
data as to the ductility of cast iron. To fix our ideas let us 
assume that the most ductile of our present series, 7. ¢., the left- 
hand end of the diagram, has an elongation of 2.5%, as against 
40% for pure ferrite: then plotting on the regularly-decreasing- 
gap plan, we have the ductility curve RS for the series of cast 
irons given in Fig. 2. 

The assumption of 2.5% as the elongation of the left-hand 
member of our series, the cast iron with 4% graphite and com- 
bined carbon zero, is simply the best guess which I can make 
from a general knowledge of the facts. 

Hardness. Certainly the presence of graphite should make 
the .cast irom as a whole softer than its matrix, so that the 
hardness line for the cast iron should throughout lie beneath the 
hardness line TU of the matrix. In default of actual data we 
may provisionally fix the left-hand end of the line by assuming 
the hardness of ferrite as 4.5 of Mohr’s scale, and that of graphite 
as 1.5, and further assuming that the hardness of our left-hand 
cast iron will be proportional to its percentage of ferrite and 
graphite, or (96x 4.5 + 4X 1.5) + 100 = 4.38. This gives us 
point V; then plotting the remainder of the line on the regularly 
decreasing-gap plan as a first extremely rough approximation, 
we get the hardness curve for the series of cast irons, VU, 
plotted in Fig. 2. That is to say, at the right-hand end of 
the diagram where graphite is zero, the hardness of the cast 
iron as a whole should equal the hardness U of the matrix 
simply because the cast iron consists solely of that matrix: 
hence the hardness of this right-hand cast iron should be U. 

Next, if we assume that the softening influence of the graphite 
is directly proportional to the percentage of graphite, then the 
gap between the lines TU the assumed hardness of the matrix, 
and VU the hardness of the cast iron as a whole which we are 
seeking, should decrease regularly as we pass from left to right. 
That is to say, the gap between the two lines should be a regu- 
larly decreasing percentage of the ordinate of TU. Hence, since 
TU has been assumed to be straight, VU also should be straight. 

How do these Inferred Lines Agree with the Facts?—The lines 
for the tensile strength, ductility and hardness of cast iron as a 
whole which we have now drawn in Fig. 2 are those which are 
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indicated by our hypothesis, the hypothesis that the properties 
of cast iron are due in very important part to its consisting of a 
mechanical mixture or conglomerate of (1) graphite and (2) a 
matrix of ferrite and cementite, which matrix is itself in each 
case some one member of the pearlite series. Rather, these 
lines are a first approximation to those which our hypothesis 
calls for; a first approximation only, because we have had to 
make many assumptions on scanty foundation of evidence, and 
in making some of these assumptions we have for simplicity 
ignored important considerations. In view of this, we cannot 
expect a close agreement between our lines and the facts; all 
that our hypothesis demands at present is that there shall be 
no glaring disagreement between these lines and our observed 
facts. 

To bring together the existing data so as to test these lines, 
these inferences from our hypothesis, would in itself be an 
extremely serious task; and even if all available data were 
assembled, they would probably be found extremely defective, 
so that further great labor would be needed to supply the defects. 

But we may here in a general way ask how these lines agree 
with our general knowledge of the properties of cast iron as 
influenced by its percentage of combined and of graphitic 
carbon. 

This question each reader must answer for himself. To the 
writer this agreement seems as good as is to be expected in 
view of the conditions. It is not to be pretended that there is 
such an agreement as in and by itself constitutes a firm or even 
an important support for the hypothesis; all that is claimed is 
that there is no marked disagreement between these lines and 
our general knowledge, no disagreement too great to be referred 
reasonably to the other important variables, such as the influ- 
ence of phosphorus, sulphur, silicon, etc., the rate of cooling, 
and the considerations which in this paper have for simplicity 
been purposely ignored. 

A crude but easy test of our hypothesis is to compare the 
lines in the diagram with the tabular wording arranged above 
and below the diagram itself, showing the ‘‘Name of matrix,”’ 
‘‘Name of the cast iron,’’ ‘‘Strength,”’ ‘‘ Ductility,”’ ‘“‘ Hardness,” 
etc., and indicating the prominent uses of the various classes of 
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cast iron. It seems to me that the grading, properties, and 
uses here summarized are (1) wholly in harmony with the teach- 
ing of our diagram and hence with our hypothesis, and (2) a 
fair summarized statement of our knowledge of the facts. In 
short, it seems to me that, judged by this comparison, there is 
a fair agreement between our hypothesis and the facts. 

Probable Composition of the Strongest Cast Iron.—Following 
out our hypothesis that cast irons are essentially a conglomerate 
of graphite with a metallic matrix, let us next ask what com- 
position we should expect to give the greatest tensile strength. 

In considering Fig. 2, we supposed that, in a series of cast 
irons all containing 4% of total carbon but varying in the dis- 
tribution of that carbon, the strongest ought, on our hypothesis, 
to contain 1.20% of combined carbon. Like reasoning applied 
to any other series of given total carbon, leads to a like inference 
that the maximum tensile strength for that series should be 
reached with 1.20% of combined carbon. Let two examples 
illustrate this: 

Let us try to draw in Fig. 4 a line to represent the tensile 
strength to be expected on this hypothesis in a series of cast 
irons all containing 4.50% of total carbon, but with the distri- 
bution of that carbon varying from graphite o combined carbon 
4.50 to graphite 4.50 and combined carbon o. 

With graphite o and combined carbon 4.50%, the tensile 
strength curve touches that of the pearlite series at K by the 
same reasoning which caused that of our 4.00% carbon series 
in Fig. 2 to cut it at F. With graphite 4.50% and combined 
carbon o, the matrix of our cast iron as before should be pure 
ferrite, through which should be distributed the flakes repre- 
senting this 4.50% of graphite. Because this quantity of 
graphite is larger than that corresponding to point G in Fig. 2, 
the tensile strength of this present cast iron should be below 
G; and for like reason the whole curve should be below GAF 
of Fig. 2, and yet it should be of the family of GAF, 
reaching its maximum point at 1.20% of carbon. Without 
quantitative attempt we may roughly sketch the expected 
tensile strength curve as HJFK in Fig. 4. 

In like manner we may draw in this same Fig. 4 the tensile 
strength curve of a series containing 2.00% of total carbon. 
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This curve should be somewhat like LMN in Fig. 4. For with 
graphite o, combined carbon 2%, the line should cut DEF at 
N: the left-hand end should be above G, because only 2% of 
graphite is present instead of the 4% which G represents; let 
us set it as roughly midway between D and G, at L. Then, 
adopting the general family shape of GAF and HJK, the tensile 
strength curve for the 2.00% total-carbon series should be LMN, 
as here drawn. 

And so no matter what the total carbon, the tenacity should 
fall in a curve of this family; and, moreover, the less the total 
carbon the higher should the tenacity line as a whole lie. From 
this we may draw the following corollaries: 
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Corollary 1. For given total carbon the strongest cast iron 
should be that with from 1 to 1.20% of combined or cementite 
carbon, and the tensile strength should decrease as the com- 
bined carbon departs in either direction from this percentage. 

Corollary 2. For given combined carbon the strongest cast 
iron should be that with the least graphite. 

Corollary 3. The strongest cast iron of all should be that 
with 1 to 1.20% of combined carbon and 0.80% of graphite, if 
we arbitrarily draw the line between steel and cast iron at 2.00% 
of total carbon. For on one hand the matrix of sucha cast iron 
would have the composition of greatest strength, and on the 
other hand, the quantity of graphite by which this matrix is 
weakened is the smallest which any cast iron with such a matrix 
can have and yet be a true cast iron, if we follow the arbitrary 
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classification that any pure iron-carbon compound is cast iron 
if it contains over 2% of total carbon. I purposely say ‘‘pure 
iron-carbon compound,”’ because the boundary between steel 
and cast iron may be shifted greatly by the presence of elements 
other than carbon. 

Indeed, it is perhaps hardly necessary to go through the 
sort of crude demonstration here given. The result should follow 
directly from the hypothesis. The strongest cast iron should be 
that with the strongest matrix, which we hold corresponds to 
about 1.20% of carbon, and with the smallest quantity of the 
weakening graphite, which by difference is 0.80%. That is to 
say, we have assumed that nothing can properly be called 
cast iron which contains less than 2% of total carbon; this 
we have taken as a matter of definition. Hence the cast iron 
which, along with the matrix of maximum strength, 1.20% 
combined carbon, shall have the minimum quantity of the 
weakening substance graphite, is that with 2— 1.20=0.80% 
of graphite. 

Test of Corollary 1.—Of course the tensile strength should 
be affected by other variables than that here considered, such 
as the rate of cooling, the size of the particles of graphite, the 
influence of other elements such as phosphorus and silicon. 
Hence it is not to be expected that any of these corollaries 
should be complied with very accurately. But, to get some sort 
of first crude test, I have plotted in Figs. 5 to 13 all the data 
which I could find bearing upon corollary 1. For this purpose I 
have taken all the cases which I could find in which the tensile 
strength of cast iron, and also its percentage of combined and 
of graphitic carbon, were given. 

From among these many had to be rejected for the reason 
that there was strong doubt whether the composition given 
really corresponded to the tensile strength. For instance, in 
many cases the composition of a pig iron, or unremelted cast iron 
as it came from the blast-furnace, was given, and along with it 
the tensile strength of a test specimen made by remelting 
that pig iron. But this remelting would probably change the 
composition greatly; so that the tensile strength given would 
represent a composition not only very far different from that 
given, but indeterminate. All such data had to be rejected. 
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I further rejected all cast irons which contained either more 
than 1.00% of phosphorus or more than 0.20% of sulphur. 
This I did because it seemed to me that in all such cases the 
influence of the proportion of combined and graphitic carbon 
would be so greatly masked by the variation in these other 
features of composition that the data would probably be mis- 
leading. 


After this rejec ° n. I divided the remaining cases according 
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* Four Iron and Steel Inst., 1898, I, p. 210, Table I. 


to their total carbon, into eight groups, so that in each group, 
except the first, Fig. 5, the total carbon varied only by 0.25%. 
Then, regarding the total carbon of each group as nearly con- 
stant, I proceeded to test corollary 1 by plotting the data of 
each group separately in Figs. 5 to 12, with the tensile strength 
as ordinate and combined carbon as abscissa. If corollary 1 is 
correct, then the highest spots in each figure should be in the 
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neighborhood of the 1% or the 1.20% carbon ordinate, and the 
spots should incline downward to right and left of this ordinate. 

In those groups which have the largest number of cases 
there is a fair degree of correspondence with this corollary. 
It is certainly true that in these groups, Figs. 7 to 11 inclusive, . 
there appears to be a decided rise towards a maximum as the 
combined carbon increases from o to 1%, and a fall as the 
carbon increases still farther, though the number of cases with 
more than 1% is so small that this decrease cannot be traced 
with so much confidence as the increase from o to 1% carbon. 
For the same reason, it is not clear whether the maximum is 
at 1.20% or at 1%; indeed, the data point to 1% rather than 
to 1.20% of combined carbon as the maximum point. 

It is not pretended that the agreement between this corol- 
lary and these data is so close as to support the hypothesis 
very powerfully. Here, as in our other tests, all that could be 
hoped was that no glaring disagreement between facts and our 
hypothesis would be found; and it appears to me that on the 
whole the agreement is much better than was to be expected. 

Test of Corollary 2.—The data plotted in Figs. 5 to 12 enable 
us to test corollary 2 in the following way: 

Let us confine ourselves to that part of each group in which 
the combined carbon is below 1%, because this is the thickly 
settled part, and let us draw through the axis of each group a 
line, ab, to show the average tenacity for each percentage of 
combined carbon. This line, according to corollary 2, should be 
the higher the smaller is the percentage of graphite, or in other 
words, the smaller is the total-carbon-content. Such lines have 
thus been drawn with care, and they have been assembled in 
Fig. 14, where it will be seen that as a whole they follow this 
law, thus supporting corollary 2. In like manner a line has 
been drawn along the upper boundary of each of these groups, 
and these lines have been assembled in Fig. r5, where, taken as 
a whole, they obey this law fairly well, thus further supporting 
corollary 2. 

In drawing each line in each group, attention was concen- 
trated wholly on this group, so that the lines were drawn without 
actual knowledge as to how they would compare when as- 
sembled. 
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In examining Figs. 14 and 15 one point should be borne in 


mind. 
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account the relative position of the several diagonal lines at 
this ordinate, is particularly important as a test of our hypoth- 
esis, and with one exception in each figure these lines follow 
exactly the order which the hypothesis requires. 

The axial and upper boundary lines of Fig. 13 are not 
reproduced in Figs. 14 and 15 for the sufficient reason that its 
points have already been included in Fig. 11. These points from 
Fig. 13 lie higher than the axial line of Fig. 11, and, taken 
by themselves, rather higher than the hypothesis calls for, 7. e., 
these particular.ones taken apart do not agree so closely with the 
hypothesis as the group, taken as a whole, assembled in Fig. 
11 does. The high tensile strength of these irons may be re- 
ferred to their purity, their freedom from phosphorus and 
sulphur. On account of this great purity they are not, taken 
by themselves, strictly comparable with the data in the other 
figures. 

Estumate of the Quantitative Influence of Graphite on 
Tensile Strength_—The assemblage of lines in Fig. 14 enables us 
to make a rough estimate of the weakening effect of graphite on 
tensile strength. Comparing any two of these lines, at any given 
ordinate the percentage of combined carbon is the same for both 
lines, and hence the constitution of the matrix, and hence in 
turn its properties, are the same for both lines. The only dif- 
ference in composition, then, is the percentage of graphite; and 
therefore we must assume that this difference in graphite-con- 
tent is the cause of the vertical distance between the lines at 
such ordinate. In other words, the cast iron of the lower line 
at such ordinate has more graphite than the cast iron of the 
upper line at that ordinate, and it is also weaker by the amount 
represented by the gap between the two lines there; this gap 
therefore represents the weakening effect of the difference in 
graphite-content for these two cast irons. 

But, comparing different ordinates for these same two lines, 
the difference in graphite-content at any one ordinate is the 
same as at any other ordinate. 

Hence we infer that the gap between any two lines is due 
to the difference in graphite-content between those lines. 

Let us select the ordinate AB as giving the most trust- 
worthy information, because based on the greatest number of 
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cases. At this ordinate the vertical distance between the 
highest and lowest lines (or rather between the highest line and 
the crossing of the lowest two lines because these here cross each 
other) is about 8750 pounds per square inch. Taking the 
upper line as representing total carbon 2.87% and the junction 
of the lowest lines as representing carbon 3.75%, the difference 
in carbon-content is 3.75 — 2.87 0.88%. But, as we have 
already seen, since the combined carbon is the same for both 
lines here, this difference of 0.88°% is really a difference in 
graphite-content of 0.88%. If this is the real cause of the dif- 
ference of 8 750 pounds per square inch, then the influence of 
1% of graphite within these limits is 8 750 + 0.88 = say 10 000 
pounds per square inch. 


SUMMARY. 


To sum up the results of this investigation, the way in 
which the properties of cast iron actually vary with variations in 
the distribution of the carbon between the combined and gra- 
phitic states, as given at the bottom of Fig. 2, is in rough har- 
mony with my hypothesis. Further, two corollaries from my 
hypothesis, when subjected to test, agree with it as fully as 
could reasonably be expected. 

From these facts I infer that the hypothesis, because of its 
veridacity and of this preliminary agreement between it and the 
facts, is worthy of further testing. 


ADDENDUM. 


Addendum, Fanuary 27, 1903.—It is only to-day, after the 
foregoing has been written and most of it has been set up, and 
after the foregoing engravings have been made, that I have seen 
what I ought to have seen before, and probably should have 
seen but for the pressure under which I have been forced to 
write much of this article in order to keep my promise to have 
it in time for the present volume. That to which I refer is the 
fact that the data at hand, on which Figs. 5 to 15 are based, really 
enable us to test directly the forecast as to the tensile strength 
of the three series of cast irons containing respectively 2.00, 4.00 
and 4.50% of total carbon represented by line GAF in Fig. 2 
and lines LMN and HJK in Fig. 4. The 4.00% carbon line GAF 
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is susceptible of the most trustworthy test, and this test we will 
consider first. Then we will consider tests applied to this same 


line and the 2.00% and 4.50% carbon lines jointly. 
Test of the 4.00% Carbon Line, GAF, from Fig. 2.—The 


left-hand part of this line, GA, is reproduced as GA in Fig. 16, 
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Fic. 16. Comparison of line GAF from Fig. 2, deduced from my hypothesis, with lines 
from Figs. 11 and 13, directly based on experimental data. 


and for comparison the axial and upper boundary lines of the 
group of data nearest in carbon, with carbon 3.75 to 4.00%, 
are reproduced from Fig. rr as OP and KL respectively. On 
comparing these lines it appears that, within the limits here 
shown, the tensile strength curve GA which I evolved by a 
process of reasoning for iron containing 4.00% of carbon, 
actually lies between the upper boundary and the axis of the 
points representing the actual tensile strength of such iron, and 
nearly parallel with them. In other words, the position of this 
line as inferred from our hypothesis lies very close to its true 
position as shown by this accumulation of data. 

Indeed, it ought to, as it does, lie above the axial line, 
because its position was deduced from the tensile strength of 
carbon steels, which are relatively free from the hurtful and 
probably weakening elements, phosphorus and sulphur, while 
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the axial line is based on the data of commercial cast irons 
which doubtless as a whole contained much more of these 
hurtful elements. 

This idea is supported by comparing the Johnson data for 
pure cast iron, nearly free from phosphorus and sulphur and 
containing between 3.75 and 4.00% of carbon. To do this I 
have reproduced the axial line from Fig. 13 as the line OR in 
Fig. 16. It ought to be closely comparable with line GA as 
deduced from my hypothesis; and actually it coincides with it 
almost exactly. Here then my hypothesis receives welcome 
support. 

The tests which have just been described compare the tensile 
strength line GAF of Fig. 2 with the lines representing the 
actual strength of cast irons containing from 3.75 to 4.00% 
of carbon from Figs. 11 and 13. Not content with this com- 
parison, because it is based on a single group of points, that is to 
say, those within these carbon limits, I wished to compare the 
position of GAF with the whole of my data in the following 
way. I proceeded to calculate at what point the axial line 
for 4.00% of carbon, and the upper boundary line for 4.00% 
of carbon, should cut the ordinate BB (given in Figs. 14 and 15 
as AB) and to see how these points were related to that at 
which GAF cuts that ordinate. In making this calculation I 
took into account the vertical distance, measured at ordinate 
BB, between the line for 3.75 to 4.00% of carbon and each of 
the other lines (except that for 3.50 to 3.75% of carbon) in 
Figs. 14 and 15 respectively. Calculated thus, the upper boun- 
dary line should cut BB at S; and this is actually where GAF 
cuts it: and the axial line should cut it at T. In other words, 
at this ordinate, which represents the thickest dotted part of the 
field, and is therefore the most trustworthy, the calculated 
strength of cast iron derived from my hypothesis is practically 
exactly the same as that indicated as the upper boundary by 
these accumulated data. 

Test of the 2.00%, 4.00% and 4.50% Carbon Lines LMN, 
GAF,, and H¥K from Figs. 2 and 4.—I next proceeded to 
compare these three lines with those of Figs. 14 and 15 by 
plotting both sets directly from these different figures in Figs. 
17 and 18. The parts here plotted of GA, LM and HJ of lines 
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GAF, LMN and HJK may be recognized through bearing here 
the same letters as in Figs. 2 and 4. 
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Figs. 17 and 18. Comparison of lines GAF, LMN and H]K, deduced from my hypothesis, 
with the lines from Figs. 14 and 15, based directly on experimental data. 


Comparing the position of lines GA and HJ, for 4.00% 
and 4.50% of carbon respectively, with the lines from Figs. 
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14 and 15, we see that each of the former lies rather higher 
than it should when compared with the axial lines, and rather 
lower than it should when compared with the upper boundary 
lines. In other words, the lines deduced from our hypothesis 
here too are intermediate between the position which our data 
accord to the axial and that which they accord to the upper 
boundary line; so that the position of GA and HJ compare 
with the direct data much in the same way that line GA does 
when compared with the lines from Fig. 11 alone. This inter- 
mediate position is where we should expect to find them. In 
short, tested thus, these two tenacity lines as derived from our 
hypothesis agree reasonably with those based on direct data. 
But while they are roughly parallel, the former lines are some- 
what steeper than the latter, indicating that some additional 
correction must be introduced into our hypothesis to square its 
deductions accurately with the facts. 

The 2.00% carbon line LM, however, is considerably 
higher than and much steeper than the data in Figs. 14 and 15 
indicate that it should be. This, too, indicates the need of some 
further correction: though it is to be borne in mind (1) that 
line LMN was not drawn with any attempt at accuracy, but 
only to show its general shape, (2) that it is so far in composition 
from what we may call our carefully calculated line GAF, that 
it cannot be expected to be accurately placed, and (3) that our 
data plotted in Figs. 14 and 15 differ widely from it in carbon- 
content. These facts diminish the weight which should be 
attached to the discrepancy between the sketched position of 
LMN and the data of Figs. 14 and 15. 


Mr. Sauveur. 


DISCUSSION. 


ALBERT SAUVEUR.—I am very well acquainted with Pro- 
fessor Howe’s theory of the constitution of cast iron, and I 
should like to say a few words about it. I share it to the fullest 
extent, and I think the position he has taken is a very logical one. 
I know that some foundrymen resent the intrusion of steel men 
whom they consider as laymen in the field of cast iron. They 
claim cast iron is a metal entirely different from steel, and while 
conceding that steel has been investigated more thoroughly and 
on more scientific lines than cast iron, they claim that steel and 
cast iron have very little if anything in common, and that there- 
fore the knowledge gained in the study of steel is of little or no 
value in the study of cast iron. I share Professor Howe’s objec- 
tions to such an attitude, for instead of having nothing in com- 
mon, cast iron and steel stand in the very closest relation. Let 
those who are inclined to oppose this view consider what is left 
if the graphitic carbon which may be present in cast iron be 
removed. If it were possible to pick out—to remove bodily— 
from cast iron, every particle of graphitic carbon, the residue 
would be unquestionably a mass of steel, with so many cavities 
once occupied by graphitic carbon. The character of that mass 
of steel would of course vary with the grade of the cast iron. If 
the cast iron was originally perfectly gray, the metal left, after 
removing the particles of graphite, would be practically wrought 
iron; and as the combined carbon increases, the residue would 
be a mass of steel of increasing carbon content. No. 2 foundry 
iron, for instance, would leave a mass of medium hard steel, if I 
may so call it; while mottled iron would leave, after removing 
the graphitic carbon, a mass of very hard steel. Gray cast iron 
is composed then of a steel matrix, and of a certain number of 
particles of graphitic carbon; I do not think that we can get 
away from that fact. Our knowledge of steel, therefore, implies 
a knowledge of the matrix of cast iron. What we know about 
steel can be applied directly, and with very important results, 
to the study of cast iron. 


(276) 


_—) 


DIscUSSION ON THE CONSTITUTION oF Cast IRON. 277 


To give only one instance of this, let us suppose that we Mr. Sauveur. 


desire to produce a cast iron of the greatest possible tensile 
strength. Is it not evident that we need then a matrix of the 
greatest possible tenacity? And here our knowledge of steel 
is of direct value. We know what kind of steel possesses the 
greatest tenacity; we know that if we have 0.9 to 1% of carbon 
we obtain the greatest tenacity; therefore, on logical ground 
we can say that in order to produce the strongest possible 
cast iron, the matrix should contain about that amount of 
carbon. In the case of steel the metal is then said to be satu- 
rated. The matrix of the cast iron should likewise be saturated, 
i.e., it should bea mass of pearlite. Moreover, nobody will deny, 
I think, that graphitic carbon not only adds nothing to the 
strength of cast iron, but that it decreases its strength. There- 
fore, as a second requirement, we should have as little graphitic 
carbon as possible, which in turn means a small amount of total 
carbon. I am well aware, however, that the amount of total 
carbon can be regulated only within narrow limits. In the 
cupola furnace cast iron will generally take up from 3.25 to 4% 
of total carbon; which means a considerable amount of graphitic 
carbon in the casting. It is, therefore, chiefly upon the strength 
of the matrix that we must depend in order to obtain a casting 
of great strength. In the so-called “‘air furnace,” however, the 
amount of carbon can be reduced, and it should be possible to 
produce stronger castings in such a furnace than in a cupola, 
The character of the matrix will of course be greatly influenced 
by the percentage of silicon and by the rate of cooling. This 
is too well understood to demand more than a passing remark. 

I should like in this connection to call your attention to the 
value of metallography in the study of cast iron. If you accept 
the view that the strength, and other properties of cast iron 
depend primarily upon the strength and properties of its matrix, 
it is of very great importance to know what the matrix is. Since 
the character of the matrix depends primarily upon the amount 
of combined carbon, it might be said that it is necessary, in order 
to ascertain the nature of the matrix, to determine the amount 
of combined carbon in the cast iron. To do so, however, re- 
quires, as we all know, two combustion determinations: one for 
the total carbon, and one for the graphitic carbon. The sub- 
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traction of these two results gives us the amount of combined 
carbon. This is a long determination. Moreover, the determi- 
nation of graphitic carbon is, I think, not a very satisfactory one, 
and after we have subtracted those figures supposed to represent 
graphitic carbon from the total carbon, there must remain in our 
mind some uncertainty as to the resulting figures representing 
accurately the amount of combined carbon. The analytical 
method gives us but an uncertain idea as to the exact character 
of the matrix. On the other hand, if we call metallography to our 
assistance, it will take but some fifteen minutes to.polish prop- 
erly a chip of cast iron, place it under the microscope, and ob- 
serve its structure. The advantage of looking at the thing itself, 
of seeing before you the matrix of the iron, of ascertaining 
whether it is saturated or not—is a decided one. In this and 
in similar directions metallographic methods should prove of 
much value to the foundryman. 

R. G. MotpEenKE.—I should like to add that I also agree 
perfectly with Professor Howe on his theory concerning the con- 
stitution of cast iron. I myself have been working on that same 
theory twelve years. As long ago as that I recognized that cast 
iron is nothing more than impure steel with a lot of graphite in 
crystals interspersed and that if that steel portion of the casting 
could be refined it would lead to better results. 

Henry M. Howse (by letter).—It is very gratifying to find 
that such competent authorities as Messrs. Sauveur and Mol- 
denke agree with me as to the general features of the matter. 
It would be superfluous for me to say anything here on the 
subject for the reason that the paper which I have now sent in 
to the Secretary gives my views so very fully. 
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REPORT ON THE BUDA-PESTH CONGRESS 


OF THR 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS, 


SEPTEMBER 9 TO 14, Igor. 


By Henry M. Howe, 
Member of Council. Chairman of the American Section. 


[Presented to the Executive Committee of the American Section, 


November 2, rgot.] 


The essential matters which I was directed to attend to 
at the Buda-Pesth Congress were the following: 


1. The recognition of the American Section. 

2. The appointment of a Committee on Cast Iron, particu- 
larly to report on standard reception specifications. 

3. The appointment of a like Committee on Cement. 

4. The publication of papers in English. 

5. The election of the American Member of Council by the 
American Section. 

I beg leave to report my action as follows: 


RECOGNITION OF SEcTION.—I found the opposition to this 
so firm that it appeared useless to press the matter. The reason 
for this opposition I did not very clearly make out, unless it be 
that in some European countries there is a large minority of the 
members who, prefer not to join the quasi-branch organizations 
in those countries. Therefore those organizations are not 
recognized as direct branches or sections, but as independent 
organizations. The Council urged upon me the point of view 
that if our section joined the association as a single member, we 
should have every possible liberty that we could have if we re- 
tained the name of section. On account of the feeling which 
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some of us have that if we followed this course we might in some 
way lose our powers or privileges, I presented a resolution to 
the following effect: 

‘‘Resolution.—Members of the International Association 
for Testing Materials who are at the same time members of a 
society, which society is itself a member of the International 
Association, retain all the rights and privileges which they would 
have if they were not members of such a society.” 

It was held that this was self-evident; nevertheless at my 
urgent request the resolution was adopted unanimously. My 
suggestion is that the section change its title and become a 
member of the Association. In elections of members of Council 
it would be necessary that all members of the Association resi- 
dent in America, even those who are not members of the Ameri- 
can Section, shall be entitled to vote. 

PUBLICATION OF PAPERS IN THE ENGLISH LANGUAGE.— 
The action taken by the Society in this matter seems to me 
ample. Great difficulties were arising at the time of the Con- 
gress, in negotiating arrangements with the owner of Ban- 
materialienkunde, and after careful consideration I deemed it 
unwise to complicate the matter by a formal resolution. 

STANDARD SPECIFICATIONS.—I found at first serious oppo- 
sition on the part of many members to even considering the 
idea of erecting standard specifications. Through a confusion 
it has got into their heads that these specifications would, if 
made standard, also be made obligatory, if not immediately, 
then later on. In the case of cement the opposition was very 
much greater than in case of cast iron, and the cement manu- 
facturers and those interested in testing cement seem to have 
serious differences. Apart from these active opponents of the 
erection of standard specifications, the general feeling among 
the members of the Congress seemed to be that the first duty 
of the Association was to agree on methods of testing, and that 
while the setting up of standard or normal specifications was 
in itself a good thing, the other question had the right of way. 
I endeavored to impress upon them that this was not the view 
taken in this country, and that it appeared to us, so far as I 
could judge, that the setting up of standard specifications was 
the field of greatest usefulness of the Association. 
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The objection to having the committees take up the ques- 
tion of standard specifications was so strong that at first I feared 
that it would be impossible to bring it about. But with the 
very efficient aid of Mr. Walter Wood and Dr. R. Moldenke 
I induced the Congress to take the following steps: 

1, Committee No. 1 was directed to consider the question 
of the framing of standard specifications and if possible to report 
such specifications to the St. Petersburg Congress of 1903.* 

2. The proposition to appoint a new committee to report 
on standard specifications and methods of testing cast iron and 
finished castings was referred to the Council with power. 

3. A new committee was appointed for the methods of 
testing cast iron, as distinguished from the reception tests of 
cast iron. 

4. Committee No. 22 was charged with considering the 
feasibility of the setting up of standard international specifica- 
tions for cements and mortars, and it was directed to report 
such specifications to the St. Petersburg Congress if possible. 

ELECTION OF MEMBER OF CouNciL.—The draft of statutes 
submitted to the members before the Congress provided, as 
you will remember, that the members of Council were to be 
chosen by members resident in each country entitled to this 
representation, subject to confirmation by the Congress, and 
were to last from Congress to Congress. I pointed out how 
awkward the situation would be if the Congress refused to 
ratify, for in that case the country would have to go unrep- 
resented, because it would be impossible to hold a new election 
in time for ratification by that same Congress, and no new 
Congress would convene until after the space of two years. I 


_therefore moved that the provision requiring the ratification by 


the Congress be struck out, making the election by the members 
of each country final and absolute. This was unanimously 
adopted. 

AMERICAN MremBER OF CounciL.—It was held that the 
election which took place about a year ago in this country, was to 
be regarded as an election covering the period from the Congress 
of 1901 to the Congress of 1903, and I was accordingly enrolled 


* Since this report was written it has been decided to hold the St. Petersburg Congress 
in 1894. 
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as Member of Council for the present term. I pointed out, 
however, that as I had already served in effect nearly two years, 
and that as American custom looked toward rotation in office, 
it was to be expected that another member of Council would 
be chosen in my place. 

In GENERAL.—The whole tone of President Tetmajer and 
indeed of all the Members of Council was in the highest degree 
friendly and conciliatory, and it was evident that there was 
every wish to place our relations on the most friendly basis, 
and that to remove all traces of former friction. As evidence of 
this I may mention that I, as your representative, was chosen 
Honorary President of the Congress as well as Chairman of the 
most important Section—that of metals. The Association 
showed great vitality, as may be inferred from the number of 
very important papers presented. 

Respectfully submitted, 
Henry M. Howe, 
Member of Council. 


A isn DLX LI, 


BIBLIOGRAPHY ON IMPACT TESTS AND IMPACT TEST- 
ING MACHINES. 


By W. Kenprick Hatt anp EpGAR MARBURG, 


Committee on the Present State of Knowledge Concerning Impact Tests. 
INTRODUCTION. 


A preliminary report on the present state of knowledge 
concerning impact tests was prepared by this Committee and 
presented to the Society—known then as the American Section 
of the International Association for Testing Materials—at the 
second annual meeting, held in Pittsburg in 1899. This report, 
published as Bulletin No. 5 of the Proceedings, contains a brief 
discussion of the subject of impact tests, including experimental 
data; a consideration of the requirements to be met by impact 
testing machines; a review of American and German practice 
in commercial impact tests on cast iron, steel rails, car wheels 
and car couplers; concluding with a synopsis of the views of 
American testing experts on the practical value of impact tests. 

The present and final report of the Committee is devoted 
wholly to a presentation of the bibliography on impact tests and 
testing machines. 

The references to English: sources are believed to include 
all important contributions to the subject up to July 1, 1902, 
‘as well as numerous minor articles, in part of little more than 
historic interest. The references to German and French sources 
are, for obvious reasons, less complete. In that connection the 
undersigned desire to make their appreciative acknowledgment 
of the courteous assistance of Professor A. Martens, in supply- 
ing valuable references to foreign literature on the subject, espe- 
cially in German. 

For convenience of reference the English and French titles 
are grouped under three headings, according to the nature of 
the contents. The German literature referred to was in part 
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inaccessible to the authors, and no attempt was, therefore, made 
at classification. The references to text-book matter do not 
aim at completeness; but are limited to a few standard treatises 
containing the ground-work of the subject. Reprints, partial 
or complete, of original papers are, as a rule, not indexed. A 
few exceptions are made for special reasons, for example, where 
the sources themselves are not readily accessible. The sources 
quoted are arranged in alphabetic order throughout. In the 
case of several titles from the same source, they are arranged 
in the sequence of the dates of publication. 

The articles indexed were, for the most part, examined 
independently by the members of the Committee. In a few 
cases the literature was unavailable, and the references could 
not be verified. In a few instances the titles could not be cited 
in the original language and appear only in the translated form 
obtained at secondhand. 

The revival of interest in impact tests, especially in Europe, 
is well evidenced by the presentation of four important con- 
tributions to the subject at the last Congress of the Interna- 
tional Association for Testing Materials, held in Buda-Pesth in 
1gor1. It was decided at this Congress to appoint a special 
committee to report on ‘‘Tests with notched bars for ascertain- 
ing the relations between the different methods of testing and 
for fixing the different properties of metals.’’ In America, too, 
this branch of testing is receiving an increasing measure of 
attention and new forms of apparatus have been successfully 
developed within recent years. It is hoped that the bibli- 
ography herewith presented me prove helpful to those in- 
terested in the subject. 

Respectfully submitted, 


W. Kenprick Hatt, 
EpGarR MARBURG. 
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REFERENCE LIST—TITLES AND ABBREVIATIONS. 


(a) IN ENGLISH. 


Am. Assoc. Adv. Sc.—Proceedings of the American Association for the 
Advancement of Science, Washington, D. C. 

Am. Inst. Min. Eng.—Transactions of the American Institute of Mining 
Engineers, New York, N. Y. 

Am. Sect. Int. Assoc. Test’g Mat’s.—Bulletin. American Section of Inter- 
national Association for Testing Materials (now the American Society 
for Testing Materials), Philadelphia, Pa. 

Am. Soc. Civ. Eng.—Transactions of the American Society of Civil Engi- 
neers, New York, N. Y. 

Am. Soc. Mech. Eng.—Transactions of the American Society of Mechanical 
Engineers, New York, N. Y. 

Assoc. Eng. Cornell Univ.—Transactions of the Association of Engineers 
of Cornell University, Ithaca, N. Y. 

Dig. Phys. Tests.—Digest of Physical Tests, Philadelphia, Pa. 

Engin’g.—Engineering, London. 

Eng. News.—Engineering News, New York, N. Y. 

Eng. Rec.—Engineering Record, New York, N. Y. 

Eng. Soc. West. Pa.—Proceedings of the Engineering Society of Western 
Pennsylvania, Pittsburg, Pa. 

Inst. Civ. Eng.—Proceedings of the Institution of Civil Engineers, Lon- 
don. 

Int. Assoc. Test’g Mat’s.—Proceedings of the International Association 
for Testing Materials, Vienna, Austria. 

Jour. Fr. Inst.—Journal of the Franklin Institute, Philadelphia, Pa. 

Mass. Highw. Comm. R’p’t.—Massachusetts Highway Commissioners’ 
Report, Boston, Mass. 

M. C. B. Assoc.—Proceedings of the Master Car Builders’ Association, 
Chicago, Ill. : 

R. R. Gaz.—Railroad Gazette, New York, N. Y. 

Techn.—The Technograph, University of Illinois, Champaign, Ill. 

Tests of Met’s.—Tests of Metals and Other Materials, Watertown Arsenal, 
Watertown, Mass. 

The Eng.—The Engineer, London. 


(b) IN FRENCH. 


Assoc. Ingen. Ponts et Chauss.—Associacion des Ingénieurs des Ponts et 
Chaussées du Sud Ouest, Bordeaux, France. 

Comm. Meth. d’Essai.—Commission des Méthodes d’Essai des Matériaux 
de Construction. Premiére Session. J. Rothschild, Paris, 1894. 

Comptes Rendus.—Comptes Rendus de 1’Académie des Sciences, Paris. 
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Congr. Int. Meth. d’Essai.—Communications présentées devant le Congrés 
International des Méthodes d’Essai des Matériaux de Construction, 
1900. Dunod, Paris, 1got. 

Fond. d. Can. d. Bourges.—Fonderie des Canons des Bourges, Bourges, 
France. 

Genie Civ.—Génie Civil, Paris. 

Jour. de Phys. Th. et App.—Journal de Physique, Théorique et Appliquée, 
Paris. ; 

Lab. d’Ec. Nation. d. Ponts et Chauss.—Laboratoire d’Ecole Nationale des 
Ponts et Chaussées, Paris. 

Manuf. d’Armes de St. Et.—Manufacture d’Armes de St. Etienne, St. 
Etienne, France. 

Manuf. d’Armes de Chat.—Manufacture d’Armes de ChA&tellerault, Ch4- 
tellerault, France. 

Rev. d’Artill.— Revue d’Artillerie, Paris, France. 

Soc. d’Encour.—Bulletin de la Société d’Encouragement, Paris. 

Soc. Ing. Civ. de Fr.—Bulletin de la Société des Ingénieurs Civils de 
France, Paris, France. 


(c) IN GERMAN. 


Bamkd.—Baumaterialienkunde, Stuttgart, Germany. 

Chem. Zeit’g.—Chemiker Zeitung, Céthen, Germany. 

Der Civiling.—Der Civilingenieur, Leipsic, Germany. 

Mitth. Berlin.—Mittheilungen aus den K6nigl. technischen Versuchsan- 
stalten zu Berlin, Berlin. 

Mitth. Munchen.—Mittheilungen des mechanisch-technischen Labora- 
toriums der Kénigl. technischen Hochschule, Munich, Germany. 

Mitth. Wien.—Mittheilungen des K. K. technologischen Gewerbemu- 
seums, Vienna. 

Mitth. Zurich.—Mittheilungen des Eidgen. Polytechnikums, Zurich, Swit- 
zerland. 

Stahl und Eisen.—Stahl und Eisen, Dusseldorf, Germany. 

Zeitschr. Ver. Deutsch. Ing.—Zeitschrift des Vereines deutscher Inge- 
nieure, Berlin. 

Zeitschr. Berg. Hutt. u. Sal.—Zeitschrift fur Berg-, Htitten-, und Salinen- 
wesen, Berlin. 
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I. ORIGINAL DATA: TESTS—DESCRIPTIONS OF 
NEW MACHINES, ETC. 


(a) IN ENGLISH. 


Am. Inst. Min. Eng.—Trans., Vol. 8, 1880, pp. 76-78. 
Apparatus for Testing the Resistance of Metal to Repeated Shocks.— 
Wm. Kent. 
Description of an apparatus for producing a succession of longitu- 
dinal shocks. 
Am. Inst. Min. Eng.—Trans., Vol. 18, 1890, pp. 798-835. 
Test of Metals. Discussion (p. 805).—W. J. Keep. 
Description of W. J. Keep’s impact machine, with results of tests. 
Am. Inst. Min. Eng.—Trans., Vol. 26, 1896, pp. 176-185. 
The Mobility of Molecules of Cast Iron.—A. E. Outerbridge. 
See also Jour. Fr. Inst. Vol. 142, 1896, pp. 69-72, p. 149. 
Am. Soc. Civ. Eng.—Trans., Vol. 5, 1876, pp. 199-214. 
Note on the Resistance of Metals as Affected by Flow, and by Rapid- 
ity of Distortion.—R. H. Thurston. 
See also Dingler’s Journal, February, 1877, p. 333. 
Am. Soc. Civ. Eng.—tTrans., Vol. 32, 1894, pp. 536-539. 
The Strength and Weathering Qualities of Roofing Slates.—Mansfield 
Merriman. 
Am. Soc. Civ. Eng.—Trans., Vol. 33, 1895, pp. 297-343. 
Tests of Materials for Metallic Structures. Discussion (pp. 305-307). 
Specifications for Structural Steel—H. H. Campbell. 
Tests of bars of structural steel containing 1-per cent. manganese, 
hammered while under tension. 
Am. Soc. Civ. Eng.—Trans., Vol. 39, 1898, pp. 237-273. 
Experiments with a New Machine for Testing Materials by Impact.— 
S. Bent Russell. 
Describes pendulum machine and transverse tests of notched bars 
of various materials. 
See also Eng. News, Vol. 39, 1898, p. 30. 
Am. Soc. Civ. Eng.—Trans., Vol. 43, 1900, pp. 1-16. 
Impact Tests of Structural Steel.—S. Bent Russell. 
Describes methods and results of impact tests in tension on notched 
bars of iron and steel. 
See also Eng. News, Vol. 42, 1899, p. 321. 
Am. Soc. Mech. Eng.—Trans., Vol. r9, 1897, pp. 351-386. 
Cast Iron Under Impact.—W. J. Keep. 
See also Eng. News, Vol. 38, 1897, p. 382. 


Am. Soc. Mech. Eng.—Trans., Vol. 21, 1899, pp. 369-395. 


Impact.—W. J. Keep. 
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The influence of size and span of cast iron test bar on results of impact 
test; recommends that bar for determination of resilience be supported 
at ends, and struck at center; that for detection of brittleness 
transverse blow be delivered on projecting end of bar. Size of bar, 
"xi" x 24”; weight of hammer, 50 tbs. Rupture by a number of 
blows of pendulum hammer. 

Eng. News.—Vol. 45, 1901, p. 14. 

Results of Impact Tests in Tension.—S. Bent Russell. 

Eng. News.—Vol. 45, 1901, p. 82. 

Impact Tests at Purdue University. —W. K. Hatt. 

See also Eng. News, Vol. 45, 1901, p. 103. 

Eng. Soc. West. Pa.—Proc., Vol. 3, 1887. 

The Effect of Temperature upon Structural Steel.—Jos. Ramsey. 

See also Eng. News, Vol. 18, 1887, p. 398. 

Eng. Soc. West. Pa.—Proc., Vol. 9, 1893, pp. 14-41. 

Effect of Suddenly Applied Loads upon the Tensile Strength and 
Other Physical Properties of Iron and Steel.—E. D. Estrada. 

See also Eng. News, Vol. 32, p. 93. 

Inst. Civ. Eng.—Proc., Vol. 60, 1880, pp. 182-186. 

Iron and Steel at Low Temperatures.—J. J. Webster. 

Results of tests in transverse impact on cast iron, cast steel and 
wrought iron at low temperatures. 

Inst. Civ. Eng.—Proc., Vol. 76, 1883, p. 104. 

Discussion.—E. Maitland. 

Describes impact experiments in tension under drop, and explosive 
action of gunpowder in discussion of paper on ‘“‘ Forms of Test Pieces,” 
by W. Hackney. 

Inst. Civ. Eng.—Proc., Vols. 87, 94, 105. Part I, Vol. 87, 1887, pp. 340— 
370; Part II, Vol. 94, 1888, pp. 180-208; Part III, Vol. 105, 1891, 
Pp. 1Or—17 0; 

Effect of Temperature on the Strength of Railway Axles——Thomas 
Andrews. 

See also Eng. News, Vol. 19, 1888, pp. r12, 130. Eng. Ree. Vol. 
2 L505, Du LOO. 

Inst. Civ. Eng.—Proc., Vol. 95, 1889, pp. 354-358. 

On the Use of Heavier Rails for Safety and Economy in Railway 
Traffic.—O. P. Sandberg. 

Account of drop tests on rails at low temperatures. 

Inst. Civ. Eng.—Proc., Vol. 103, 1891, pp. 231-249. 

Effect of Chilling on the Impact Resistance of Metals.—Thomas 
Andrews. 

Iron and Steel.—Knut Styffe. 

English Translation by C. P. Sandberg, p. rsr. 

Appendix: Tests by C. P. Sandberg on rails at low temperatures. 

See also Inst. C. E., Proc., Vol. 60, 1879, p. 164. 

Jour. Fr. Inst.—Vol. 144, 1897, p. 321; Vol. 145, 1898, p. 36-47. 

A Photographic Impact Testing Machine.—B. W. Dunn. 
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The compression of a copper cylinder under a falling weight, and the 
resulting reaction, were measured by means of a very delicate appa- 
Tatus. 

Mass. Highw. Comm. Rpt.—1900. Pp. 69, 71, 81. 
Impact and Cementation Tests on Road Materials —L. W. Page. 
Tests of Met’s.—Vol. 1, 1881, PP. 122-146, 212-222. 
Results of impact tests of various grades of wrought iron with photo- 
graphs of fractures. 
Techn.—No. 12, 1808. 
Impact of Beams.—O. C. Wray. 
Abstract of thesis. 


(6) IN FRENCH. 


Assoc. Ingen. Ponts et Chauss.—1888. 

Resistance au Choc et Fragilité du Fer. (Resistance to Impact and 
Brittleness of Iron).—M. Considére. 

Impact tension tests of iron wire. 

See also Comm. Meth. d’Essai., Vol. 2, p. 344. 

Comm. Meth. d’Essai.—Vol. 3, pp. 303-310. 

Sur la Fragilité aprés Ecrouissage 4 Froid (or Brittleness after cold- 
hammering)—M. Considére. 

Comm. Meth. d’Essai.—Vol. 3, pp. 311-358. 

Sur les Essais Divérs a Froid. (On Various Cold Tests.) —L. Baclé. 

Results of tests in transverse impact on punched bars, annealed and 
normals Ppsgro, 450, 357. 

See also Materials of Construction J.B. Johnson. Pp. 404. 

Comptes Rendus.—Vol. 94, 1882, p. 773. 

Note sur l’Action de Déformation du Choc Comparée a celle d’un 
effort continue. (Note on the Deforming Action of Impact compared 
to that of a Load Gradually Applied.)—M. Marchal. 

Congr. Int. Meth. d’Essai.—Paris, 1900. Vol. 1, pp. 235-299. 

Etude sur les Propriétés Physiques et Mécaniques des Métaux. (Study 
of the Physical and Mechanical Properties of Metals.)—P. Charbonnier 
et Ch. Galy-Aché. Tension and compression under impact (p. 275). 

Congr. Int. Meth. d’Essai.—Paris, 1900. Vol. 1, pp. 351-454. 

Evolution des Méthodes et des Appareils. (Evolution of Methods 
and Apparatus.)—Ch. Frémont. 

Pp. 435 et seq.—Proper tests to determine brittleness. 

Congr. Int. Meth. d’Essai.—Paris, 1900. Vol. 1, pp. 507-521. 

Les Nouveaux Appareils dans le Laboratoire d’Essais de l'Université 
Purdue. (New Apparatus in the Purdue University Laboratory for 
Testing Materials.) —W. K. Hatt and W. P. Turner. 

Describes new type of impact machine. 

See also Eng. News, Vol. 45, 1901, Pp. 3. 

Congr. Int. Meth. d’Essai.—Paris, 1900. Vol. 2, pp. 1-25. 

L’Influence du Temps et dela Température. (Influence of Duration 

and of Temperature.)—A. Le Chatelier. 
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Fond. d. Can. d. Bourges. 
Appareils pour l’Essais au Choc. (Apparatus for Impact Tests.)— 
Bourges, 1885-1891. 
Genie Civ.— Vol. 39, 1901, pp. 254-258. 
Sur la Fragilité de l’Acier. (On the Brittleness of Steel.)—A. Pourcel. 
A review of M. Frémont’s experiments on notched bars. 
Genie Civ.— Vol. 39, 1901, pp. 351-354. 

Essais des Métaux par Choc sur Barreaux Entaillées. (Impact Test 
of Metals on Notched Bars.)—A. Dutreux. 

Int. Assoc. Test’g Mat’s.—-Buda-Pesth Congress, 1gor. 

Essais de Fragilité au Choc sur Barreaux Entaillés. (Tests on the 
Brittleness of Notched Bars under Impact,)—H. Le Chatelier. 

Int. Assoc. Test’g Mat’s.—Buda-Pesth Congress, rgotr. 

(Memorandum on the Testing of Metals by means of Notched Bars 

Bent under the Application of Shocks.)—G. Charpy. 
Jour. de Phys. Th. et App.—1886, p. 291. 

Recherches Expérimentales sur le Choc de Corps Elastiques. (Ex- 

perimental Researches on Impact of Elastic Bodies.)—H. Schneebeli. 
Lab. d’ Ec. Nation. d. Ponts et Chauss.—P. 17, Plate V. 

Sonnette pour Essais de Choc. 

Describes machine for compression impact test on road material. 

See also Cong. Int. Meth. d’Essai, Vol. 1, p. 472. 

Manuf. d’Armes de St. Et.—18g0. 

Note sur les Essais au Choc avec des Barreaux Irregulaires. (Note 

on Impact Tests with Irregular Bars.) 
Manuf. d’Armes de Chat.—18o1. 

Note sur quelques Essais de Choc Exécutes ala Manufacture. (Note 

on some Impact Tests made at the Factory.) 
Rev. d’Artill— September, 1890, p. 485. 

Expé€riences sur les Propriétés de l’Acier aux Tres Basses Tempéra- 
tures. (Experiments on the Properties of Steel at very low Tem- 
peratures.)—C. Bernadou. 

Impact tests in flexure on steel. 

See also Soc. d’Encour., Vol. 5, No. 8, 1899, p. 1182.—Comm. Meth. 
d’Essai, Vol. 2; p. 325.—Inst. C. E., Vol. 103, 1891, pp. 478-480. 

Soc. d’Encour.—Vol. 4, No. 8, August, 1899. 

Influence de la Température sur les Propriétés Resistantes des Métaux. 
(Influence of Temperature on the Resistance of Metals.)—M. A. 
Ledebur. 

A translation by M.S. Jordan. General history of tests at different 
temperatures. For shock tests, see pp. 1182, 1186, rr88, 1193. 

Soc. d’Enc.—Vol. 6, rgor, pp. 254-270. 

Etude Expérimentale des Causes de la Fragilité de l’Acier. (Experi- 
mental Study of the Causes of Brittleness in Steel.) —Ch. Frémont. 

Bending tests on small ruled bars. 

Soc, d’Enc.—Vol. 6, rg01, pp. 365-3809. 

Essai des Metaux par Pliage de Barrettes Entaillées. (A Test of 

Metals by Bending Notched Bars.)—Ch. Frémont. 
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Soc. d’Enc.—Vol. 6, 1901, pp. 505-548. 

Etude Expérimentale sur le Pliage des Barrettes Entaillées. (Experi- 
mental Study of Bending Test on Notched Bars.)—Frémont et 
Osmond. 

Tests of notched bars according to the system of M. Frémont. 

Soc. Ing. Civ. de Fr.—April, 1901, pp. 563-575. 

Quelques Experiences de Flexion par Choc. (Experiments in Impact 
in Flexure.)—J. Barba. 

Impact tests in flexure on notched steel bars. 

Soc. Ing. Civ. de Fr.—June, rgo1. 

L’Essai des Metaux ale Flexion parChoc. (Test of Metals by Impact 
in Flexure.)—G. Charpy. 

Tests of notched bars by pendulum machine. 

f 


II. GENERAL DISCUSSIONS—REPORTS OF COMMIT- 
TEES—ADDRESSES, ETC. IN ENGLISH 
AND FRENCH. 


(a) IN ENGLISH. 


Am. Assoc. Adv. Sc.—Proc., Vol. 43, 1894. 

The Resistance of Materials under Impact.—Mansfield Merriman. 

The history of the science of testing materials; general considerations 
of resilience. 

See also Eng. News, Vol. 32, 1894, pp. 125-132. 

Am. Inst. Min. Eng.—Trans., Vol. 29, 1899, pp. 569-648. 

Nickel Steel.— David H. Browne. 

Drop tests on axles: nickel steel compared with ordinary steel. 
Communication from Carnegie Steel Co. Gives physical, chemical and 
drop tests.—P. 595. 

Am. Sect. Int. Assoc. Test’g Mat’s.—Bulletin No. 5, October, 1899. 

Report of Committee on Present State of Knowledge Concerning 
Impact Tests.—W. K. Hatt and Edgar Marburg. 

Am. Soc. Mech. Eng.—Trans., Vol. 11, 1890, pp. 535-540. 

Appendix to Report of Committee on Standard Tests and Methods of 
Testing Materials. 

Report of Resolutions passed at Munich and Dresden Conferences. 

Applied Mechanics.—J. H. Cotterill. MacMillan, 1895. 

Chap. XVI.—Impact and Vibration: General Equation of Impact; 
Augmentation of Stress by Impact in a Perfectly Elastic Material; Sud- 
den Application of a Load; Impact at High Velocities; Effect of Inertia; 
Resilience. Chapter XVIII, Art. 232—Impact. 

Applied Mechanics.—John Perry. Van Nostrand, 898. P. 495 et seq. 

Fundamental Considerations; Local Effect of Blows. 

Handbook of Testing Materials—A. Martens. Translated by G. C. 

Henning. Wiley & Sons, 1899. Part 1, p. 203-242. 

Resistance to Impact; Detailed Descriptions of Machines and Tests; 
Influence of Various Factors on Results. 
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M. C. B. Assoc.—Proc.. Vol. 33, 1899, p. 165. 

Report of Committee on Car Coupler Tests. 

See also Ibid., Vol. 34, 1900. 

M. C. B. Assoc.—Proc., Vol. 33, 1899, p. 254. 

Report of Committee on Wheels and Axles. Specifications for Drop 
Tests. 

Materials of Construction.—J. B. Johnson. Wiley & Sons, 1897. 

Chap. VI: The Resilience of Materials. Chap. XVIII: Impact and 
Hardness Tests. 

Mechanics of Materials.—Mansfield Merriman. Wiley & Sons, 1895. 

Chap. IX: The Resilience of Materials; Sudden Loads and Impact; 
Modulus of Resilience; External Work and Resilience; Elastic Resili- 
ence of Beams; Ultimate Resilience; Early History of Resilience; 
Modern Experiments; Paradoxes of Resilience. Chap. X: Longitu- 
dinal Impact. Chap. XI: Static and Sudden Deflections; Deflection 
under Impact; Pressure Due to Impact; Live Load Velocity. Chap. 
XII: Resilience under Shear; Resilience under Torsion. Appendix: 
Velocity of Stress; Vibrations of a Beam. 

Strength of Materials—Thos. Box. London, E. & F. Spon, 1883. 
Pp. 411-448. 

General Principles; Resilience of Beams; Effect of Inertia of Beam; 
Impact on Cast Iron Beams; Effect of a Load on a Beam; Impact out 
of Center; Resistance to Impact as Deflection Squared; Effects of 
Inertia not Constant; Resistance as Weight of Beam Simply; Effect 
of Depth and Breadth; Stiffness a Source of Weakness; Summary of 
Remarkable Laws; Rolling Load at High Velocities; Effect of Inertia. 

Theory of Structures and Strength of Materials—H.T. Bovey. Wiley & 
Sons, 1896. Pp. 184-108. 

Impact: On the Extension of a Prismatic Bar; on the Oscillatory 

Motion of a Weight at the End of a Vertical Elastic Rod. 


(6) IN FRENCH 


Comm. Meth. d’Essai.—Vol. 1, p. 147-155. 
Essais de Flexion par Choc. (Impact Flexure Tests.)—General 
Report. 
Comm. Meth. d’Essai.—Vol. 2. 
Sur les Machines a Essayer les Métaux; Essais au Choc. (On 
Machines for Testing Metals; Impact Tests.)—General Report. 
Machines, p. 369; Propositions, p. 374. 
Comm. Meth. d’Essais.—Vol. 3, pp. 221-261. 
Sur les Essais par le Choc. (On Impact Tests.) —M. Clevault. 
Need and usefulness of impact tests; methods and machines. 
Traite Practique de la Machine Locomotive.—W. Demoulin. Baudry, 1898. 
Noles, chap. Scr 
Specifications for material used on French railroads, with impact 
tests. 
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Ill. MINOR DISCUSSIONS—EDITORIALS, ETC. 


IN ENGLISH. 


Am. Inst. Min. Eng.—Trans., Vol. 9, 1880, p. 542. 
Discussion on Steel Rails —Wm. Sellers. 
Remarks on drop test for rails. 
Am. Inst. Min. Eng.—Trans., Vol. 23, 1893, p. 176. 
Drop tests of Forged Manganese Steel.—R. A. Hadfield. 
Cites results of tests. 
Am. Soc. Civ. Eng.—Trans., Vol. 13, 1884, pp. 289. 
Discussion on Structural Steel and Iron.—Jas. Christie. 
Comparative behavior of steel and iron under drop test. 
Am. Soc. Mech. Eng.—Trans., Vol. 7, 1885, p. 260. 
Effect of Interruption of Drop Test on Iron Axles. 
Discussion by Mr. Sanderson of Paper on Crystallization of Wrought 
Iron by Wm. Hill. 
Assoc. Eng. Cornell Univ.—Trans., Vol. 6, 1898, pp. 76-79. 
Impact Tests on Wire Rope.—Charles F. Hamilton. 
Abstract of thesis investigation. 
Dig. Phys. Tests.—Vol. 2, 1897. 
Methods of Testing Materials of Construction.—O. M. Carter. 
Analysis of resolutions of conventions at Munich and Dresden, and 
recommendations of American Society of Mechanical Engineers and 
French Commission: A translation of a report by M. Baclé to the 
French Government. 
See also Eng. Rec., Vol. 34, p. 175 et seq., and Johnson’s Materials 
of Construction. Appendix C. 
Engin’g.—Vol. 68, 1899, pp. 633-634. 
Bridge Design.—Editorial. 
Stresses in bridges due to impact. 
Engin’g.—Vol. 69, 1900, p. 263. 
Letter to the Editor, discussing effect of span on strength of test bar 
in flexure under impact. 
Engin’g.— Vol. 73, 1902, p. 189. 
Impact Tests on Notched Steel Bars.—Editorial. 
Summary of recent experiments. 
Eng. News.—Vol. 22, 1889, p. 258. 
Proper Tests for Cast Iron.—J. B. Johnson. 
Recommends slow transverse test with measurements of deflection. 
Eng. News.—Vol. 40, 1898, p. 128. 
Laboratory Apparatus for Impact Tests. 
Abstract of paper before Soc. Prom. Eng. Ed., by W. K. Hatt. 
Eng. News.—Vol. 42, 1899, p. 321. 
Testing the Resilience of Steel—-Editorial. 
Eng. Rec.—Vol. 37, 1897, p. 115. 
Impact Testing of Materials.—Editorial. 
Criticises the use of notched test bars; recommends impact tests. 
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Inst. Civ. Eng.—Proc., Vol. 112, 1892, p. 442. 
Longitudinal and Transverse Impact Tests under Low Temperatures. 
Abstract of article by Capts. Kuczera and Reinisch. 
See Mittheilungen tiber Gegenstande des Artillerie und Genie-Wesens, 
1892, p. 679. 
Jour. Fr. Inst.—Vol. 145, 1898, pp. 243-244. 
Fatigue of Metal in Wrought Iron and Steel Forgings.—H. F. J. 
Porter. 
Quotes Fetmayer’s drop tests. 
See also Johnson’s Materials of Construction, pp. 398. 
Jour. Fr. Inst.—Vol. 145, 1898, pp. 414-415. 
Commercial Methods of Testing Iron and Steel.—P. Kreuzpointner. 
Object of drop test; effect on metal. 
Materials of Engineering.—R. H. Thurston. Part 3. 
Sec. 172—Compression of Rolled Copper by Impact. 
Efficiency of Drop Hammers. 
Sec. 195 Impact Tests on Manganese Bronze Bars. 
R. R. Gaz.— Vol. 27, 1895, p. 339. 
Heavy and Hard Rails on the Boston and Albany R. R.—P. H. 
Dudley. 
Experiments on rails; relation between deflection from static and 
dynamic loading. 
R.R. Gaz:—Vol. 32, 1900, p. 99. 
Rail Steel; its Chemistry and Heat Treatment.—W. R. Webster. 
Calls attention to the value of the drop test as a check on the finishing 
temperature of metal. 
The Engr.—Vol. 86, 1808, p. 1. 
Testing Materials for Rolling Stock. 
Describes methods and results of impact tests on rolling stock. 


IV. REFERENCE TO GERMAN LITERATURE. 


UNCLASSIFIED. 


Bamkd.—Vol. 1, No. 7, p. 7. 
Schlagversuche mit Glasplatten. (Impact Tests on Glass Plates.) 
Bamkd.—Vol. 1, No. 24-25, p. 361. 

Wiurdigung der Stauchprobe und Aufstellung von Vorschriften fir 
ihre Ausfithrung. (Value of Upsetting Tests and Specifications for 
its Execution.) 

Bamkd.—Vol. 3, No. 1o-11, p. rs2. 

Einheitliche Prifungsverfahren fiir Gusseisen. (Standard Method 
of Testing Cast Iron.) —A. Martens. 

Bamkd.—Vol. 4, Nos. 16-26, 1899, Vol. 5, Nos. 1-4, rg00. 

Weitere Studien tiber Schienenstahl mit besonderer Berticksichti- 
gung des Basischen Martinstahles. (Further Studies on Rail Steel, 
especially Basic Open-hearth Steel.)—Anton R. von Dormus. 
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Beschlusse der Conferenzen zu Mtinchen, Dresden, Berlin und Wien 
ttber einheitliche Untersuchungsmethoden bei der Priifung von 
Bauund Constructionsmaterialien auf ihre mechanischen Eigen- 
schaften. (Resolutions of the Conferences at Munich, Dresden, 
Berlin and Vienna, Concerning Standard Methods of Testing 
the Mechanical Properties of the Materials of Construction.)—J. 
Bauschinger. Th. Ackermann, 1893. Munich, Germany. 

Chem. Zeit’g.—Vol. 22, 1898, pp. 1034-5. 

Bestimmungen des Widerstandes der Cemente gegen Stoss und Zer- 
springen. (Determination of the Resistance of Cements against 
Shock and Bursting.) —Eugen Ackerman. 

See also Stone, August, 1899, p. 243; and Cement and Engineering 
News, September, 1899, p. 44. 

Das Gesetz der Proportionalen Widerstande und seine Anwendungen. 
(The Law of Proportional Resistance and Its Application.)— 
Baykick= Pp, 52-60,,87,e14, A. Pelix. ~Leipzig; 188... 

Der Civiling.— Vol. 33, 1887, p. 397. 

Einheitliche Untersuchungensmethoden bei der Priifung von Bau-und 
Constructionsmaterialien auf ihre mechanischen EHigenschaften. (Stand- 
ard Methods of Testing the Mechanical Properties of the Materials of 
Construction.) 

Der Civiling.—1892, p. 109. 

Impact Tests in Flexure at Low Temperatures.—Koepke and Hartig. 

See also Stahl und Eisen, 1892, p. 599; and Inst. Civ. Eng.—Proc., 
Vol. 109, 1892, p. 475. 

Handbuch der Materialienkunde fur den Maschinenbau.—A. Martens. 
J. Springer, Berlin, 1898. Pp. 161-196. 

Description of impact machines; directions for making impact tests; 
influence of shape of test piece, etc. 

Handbuch der Ingenieurwissenschaften.—Vol. 4. Die Baumaschinen. 
—F.Lincke. P.50. Wilh. Engelmann, Leipzig, 1889. 

Chap. XVII: Hilfsmittel und Verfahren der Materialpriifung. (Ap- 
pliances and Methods for Testing Materials.) —M. Rudeloff. 

Mitth. Berlin.—Part I, Vol. 6, 1888, p. 36. 

Ueber die Aichung von Fallwerken durch Normalkupferkérper. (On 
the Calibration of Impact Machines by Means of Standard Copper 
Test Pieces.) —A. Martens. 

Mitth. Berlin.—Supplement I, 1890, p. 7. 

Versuche tiber die Beiz-und Rostsprédigkeit des Eisens und Stahls. 
(Tests on the Brittleness of Iron and Steel as Influenced by Acid 
and Rust.)—A. Ledebur. 

Mittl. Berlin.—Supplement II, 1890, p. 29. 

Untersuchungen mit Eisenbahnmaterialien. (Tests on Railroad 
Materials.) Impact tests on rails—A. Martens. 

Mitth. Berlin.—Vol. 9, Part I, 1891, p. 1; Part I, p. 53. 

Materialpritfung durch Schlagversuche. (Testing of Materials by 
Impact.)—A. Martens. 
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Mitth. Berlin.— Vol. 11, Part IV, 1893, p. 177. 

Bericht tiber die im Auftrage des Herrn Ministers fur Handel und 
Gerwerbe ausgefiihrten vergleichenden Untersuchungen von Seilver- 
bindungen fir Fahrstuhlbetrieb. (Report on Comparative Tests on 
Splices for Elevator Cables, Executed at the Direction of the Secretary 
of Commerce and Industry.)—M. Rudeloff. 

Mitth. Berlin.—Vol. 12, Part I, 1894, p. 14. 

Untersuchungen von Pappen als Material zur Bekleidung von Bar- 
acken oder beweglichen Gebaulichkeiten. (Tests on Cardboard as a 
Protective Covering for Barracks or Movable Structures.) —-M. Rudeloff. 

Mitth. Berlin.—Vol. 12, Part II, 1894, p. 123. 

Ergebnisse von Vorversuchen ttber die Festigkeitseigenschaften von 
Kupfer. (Results of Preliminary Tests on the Mechanical Properties 
of Copper.)—A. Martens 

Mitt. Berlin.—Vol. 13, Part V, 1895, p. 197. 

Untersuchungen tiber den Einfluss der Kalte auf die Festigkeitseigen- 
schaften von Eisen und Stahl. (Tests on the Influence of Cold on 
the Mechanical Properties of Iron and Steel.) —M. Rudeloff. 

Mitth. Berlin.—Supplement I, 1896, p. 9. 

Mittheilungen aus dem officiellen Bericht der Franzésischen Minis- 
terium der offentlichen Arbeiten gebileten ‘Commission des Metho- 
des. d’Essai des materiaux de Construction.’’ (Extracts from the 
Official Report of the ‘“‘Commission on the Methods of Testing the 
Materials of Construction,’ appointed by the French Ministry of 
Public Works.) Translated by P. Zizmann. 

Mitth. Berlin.— Vol. 15, Part II, 1897, p. 119. 

Einfluss des Priifungsverfahrens auf das Ergebniss der Biegeproben 
bei niederen Warmgraden. (Influence of Methods of Testing on the 
Results in Bending Tests at Low Temperatures.)—M. Rudeloff. 

Mitth. Berlin.—Vol. 15, Part VI, 1897, p. 281. 

Untersuchungen von Kies und Steinschlag zur Beurtheilung ihres 
Werthes als Stopfmaterial fiir den Eisenbahnoberbau. (Tests on 
Gravel and Broken Stone for Determining their Value as Ballast on 
Railroad Tracks.) —M. Rudeloft. 

Mitth. Munchen.—Part 23, p. 59-62. 

Bestimmungen tiber die Art und Weise der Ausfithrung’ von Fallver- 
suchen (Schlagproben) besonders auf Grund der von Verband deut- 
scher Eisenbahn-Verwaltungen sowie auslandischer Verwaltungen 
mitgetheilten Erfahrungen. (Directions for Executing Impact Tests, 
Based on the Reported Experiences of the German Association of 
Railroad Management and Foreign Societies.) 

Mitth. Munchen.— Part 23, p. 68. 

Bericht tber Stiickproben unter dem Fallwerk. (Report on Piece- 

tests under Impact.)—Rotter and Sailler. 
Mitth. Wien.—New Series, No. 4, 1894, p. 46. 

Wiederstandsfahigkeit einiger nattirlicher Gesteine gegen Schlagwirk- 

ung. (Resistance of some Natural Rocks to Impact.)—K. Berger. 
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Mitth. Wien.—1893, p. 291; 1897, pp. 7-8. 

Ueber den Einfluss der Versuchslange auf die Festigkeit von Hanf- 
seilen. (On the Influence of Length of Specimen on the Strength 
of Hemp Ropes.)—B. Kirsch. 

See also Mitth. Berlin, Vol. 15, Part V, 1897, p. 250. 

Mitth. Zurich.—Vol. IV (French translation), p. 99. 

Essais au Choc. (Impact Tests.) 

Stahl und Eisen.—Vol. 17, pp. 723-728. 
Influence of Methods of Testing on Results in Bending Tests (includ- 
ing Impact Tests) on Wrought Iron and Steel—M. Rudeloff. 
Stahl und Eisen.—1892, pp. 196-200. 
Impact Tests on Steel in Flexure at Low Temperatures.—Mehrtens. 
Stahl und Eisen.—Vol. 22, 1902, pp. 374-380, pp. 425-432. 

Prifung von Eisen und Stahl an Eingekerbten Stticken. (Testing 
of Iron and Steel by means of Notched Specimens.)—M. Rudeloff. 

A discussion of the value of the drop test on notched bars of iron 
and steel. 

Ueber Eisenbahnschienen.—A. V. Kerpley, p. 28. A. Felix, Leipzig, 1878. 
Zeitschr. Ver. Deutsch. Ing.—November 14, 1891; November 28, 1891. 

Compression tests of material under falling weights.—A. Martens. 
Zeitschr. Ver. Deutsch. Ing.—June 8, 1901. 

Zugversuche mit Eingekerbten Probekérpern. (Tensile Tests on 
Notched Specimens.)—A. Martens. 

Zeitschr. Berg. Hutt. u. Sal.—Vol. 38, 1890, pp. 38-43, 56-57. 

Schmelzversuche mit Ferro-Silictum. (Melting Tests with Ferro- 
Silicon.) —Jiingst. 

Results of impact tests on cast iron plates, bedded in sand. 


APPENDIX III. 


RULES FOR STANDARD TESTS OF MATERIALS 
FORMULATED BY THE GERMAN ASSOCIATION 
FOR TESTING MATERIALS.* 


1900. 


Notre.—The German Association for Testing Materials disclaims any 
intention of enforcing rules, but aims to determine through the knowledge 
. and experience of its members the best possible methods for the testing of 
materials, in the present state of the science. 


PREFACE. 


The German Association for Testing Materials at its first 
meeting, held in Karlsruhe, on October 25, 1896, assigned to 
Committee 1 the following task: 

To compare the resolutions of former conferences on standard 
methods for testing materials with those of foreign associations. 

The Committee decided to form two sub-committees, ra 
and rb, the former to consider the testing of metals, the other, 
the testing of building materials. These sub-committees were 
constituted as follows: 


SUB-COMMITTEE Ia, 


H. Otto, Chief Engineer, Essen (Chairman). 

Professor C. von Bach, Building Inspector, Director of the 
Laboratory for Testing Materials, Stuttgart. 

State Counsellor von Borries, Hanover. 

G. Eckermann, Chief Engineer, Hamburg. 

Adolf Halfmann, Government Architect, St. Johann on the 
Saar. 

Georg Heckmann, Manufacturer, Duisburg-Hochfeld. 

Kohn, Railroad Manager, Essen. 

Marx, Manager of Bismarck mine near Schwientochlowitz. 

Bendix Meyer, Engineer, Gleiwitz (deceased). 


* (he Executive Committee has directed the translation of this report from the German, 
and its publication in this volume as a matter of general interest, and especially in its bear- 
ing on the work of International Committee No. 22. 
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Chief Counsellor Rauchfuss, Manager, Germania Docks, Kiel. 

Professor M. Rudeloff, Charlottenburg. 

E. Schroedter, Business Manager of the Society of German 
Iron Masters, Diisseldorf. 

Comm. Counsellor Gust. Selve, Altena i. W. 

Professor Stribeck, Griinewald, near Berlin. 


The labors of Sub-Committee 1a are brought to a conclusion 
with this report, and its decisions are referred to the Association 
for acceptance at this annual meeting (1900). In arriving at 
these decisions, the Committee relied as much as possible on 
the former ‘‘ Decisions of the Conferences of Munich, Dresden, Ber-. 
lin and Vienna, on Standard Methods for Testing Materials, coliated 
by ¥. Bauschinger,” and considered, as faras practicable, similar 
labors in other countries, e. g., those of the French Commission 
on Methods of Testing Materials, and also the labors of the 
International Association for Testing Materials. 

The section on cast iron is withheld, because an extended 
series of tests is now in progress in America looking to the 
standardizing of methods for testing cast iron. The Sub- 
Committee concluded to await the publication of the results of 
these investigations, and in the meantime to give German scien- 
tists an opportunity to express their views on this question. It 
therefore induced the Council to send to the Society of Iron 
Foundries of Germany the resolutions of former meetings on the 
testing of cast iron with the request for an expression of views. 
The section on cast iron can therefore not be completed before a 
future meeting of the Association. 

The Sub-Committee has also requested the Council of the 
Association to direct the attention of public laboratories for 
testing materials to the desirability of further improvements in 
the calibration of testing machines and appliances. 

Sub-Committee 1a is especially indebted to its Chairman, 
Mr. Otto, and to its member, Mr. Halfmann, for their untiring 
zeal in digesting the numerous reports, in tabulating the views 
of the members, and in editing this material. 


SUB-COMMITTEE 1b. 


State Counsellor Dr. Hecht (Chairman). 
Rud. Dyckerhoff, Manufacturer, Biebrich on the Rhine. 
M. Gary, Engineer, Charlottenburg. 


300 GERMAN RULES FOR STANDARD TESTS. 


Dr. Leube, Manufacturer, Ulm on the Danube. 
Dr. F. M. Meyer, Manager, Malstatt, Saarbriicken. 
Dr. W. Michaelis, Cement Expert, Berlin. 

P. Rasche, Court Master-Mason, Berlin. 

F. Schott, Manager, Cement factory, Heidelberg. 
Zimmermann, Building Inspector, Hamburg. 


The work of Sub-Committee 1b is necessarily dependent on 
the extensive labors that have been in progress for several years, 
on the part of the Association of German Portland Cement 
Manufacturers, with a view of revising the Prussian standards 
for the delivery and testing of Portland cement. The Sub- 
Committee is therefore not yet prepared to make a final report 
upon its work. It is to be hoped that the labors of the above 
Association, together with those of our Sub-Committee 1b, may 
lead to the establishment of German rules for the testing of 
cements and hydraulic mortars. 

It is likewise to be hoped that similar efforts in other 
branches of the building trade, e. g., the lime, plaster and beton 
industries, may lead to the establishment of standard specifica- 
tions and methods of testing in Germany. Our Sub-Committee 
1b will no doubt keep in touch with these endeavors and strive 
to further them as much as possible. 

A. MARTENS, 
Berlin, April, 1900. Chairman of Committee 1. 
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CONTENTS. 


I, GENERAL RULES FOR THE TESTING OF MATE- 
RIALS. 
1. Description of materials. 2. Calibration of appa- 
ratus. 3 and 4. Degree of accuracy. 5. Pub- 
lished reports. 


II. MECHANICAL TESTS. 


I. TENSION AND COMPRESSION TESTS. 
A. General Rules. 


6. Character of tests. 7. Influence of time. 


B. Static Tests. 
a. Machines and Measuring Apparatus. 
8. Smooth action. 9. Frequency of calibration. 
b. Gripping Devices. 
11. Uniform distribution of stress. 12. Compression 
tesiss) 22) to 17, Mension.tests. 
c. Character and Form of Test Specimens. 
18 to 20, Compression tests: Bearing surfaces, 
cubes, relative length. 21 to 30. Tension tests: 
Influence of size and form of cross-section, gaged 
length, grip heads, relative dimensions. 
d. Method of Procedure. 
31. Character of tension test. 
a. Abridged Tension Test. 
32. Scope of the test. 
8. Complete Tension Test. 
33 and 34. Scope of the test. 
y. Percentage of Elongation. 
35 and 36. By a series of divisions. 37. Between 
end marks. 
C. Impact Tests. 
a. General Rule. 
b. Impact Testing Machines. 

39 and 4o. Construction of machines. 41 to 45. Form 
of hammer. 46 and 47. Guides. 48 and 49. Face 
of hammer. 50. Supports. 51. Anvil. 52. Foun- 
dation. 53. Measurement of drop. 54 and 55. 
Release of hammer. 

c. Method of Procedure. 
"56 and 57. Method of procedure. 
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2. OTHER TESTS. 


A. Bending Test. 
a. General Rules. 
58 and 59. Machine of constant movement. 60 and 
61. Criterion for judging the material. Standard 
curvature. 
b. Bending Apparatus. 
62 and 63. Machine. 64 to 66. Mandrel. 
c. Character and Form of Test Pieces. 
67 to 71. Condition of material. 72to75. Formand 
preparation of specimens. 
d. Method of Procedure. 
76 to 79. Cold and hot bending tests at blue heat and 
red heat. 80 to 82. Determination of radius of 
curvature. 


B. Reverse Bending Test (Wire). 
a. Apparatus. 


83. Radius of curvature. 84. Avoidance of tension, 
lever arm. 


b. Method of Procedure. 
' 85 and 86. Number of bends. 
C. Torsion Test (Wires). 
87 and 88. Apparatus, relative length of test piece, 
avoidance of tension. 
D. Forging Tests. 
a. Flattening Test. 


89. Procedure. 90. Form of specimen. ogo1. Extent 
of flattening. 


b. Upsetting Test. 
92. Procedure. 93. Form of specimen. 94. Extent 
of the upsetting. 
c. Drifting Test. 
95 to97. Procedure. 98. Extent of drifting. 
d. Punching Test. 


99. Procedure and form of test piece. 


III. TESTING OF MATERIALS FOR SPECIAL PURPOSES. 
1. WrouGHT IRON AND STEEL. 
A. General Rules. 


too. Removal of test specimens. ror. Influence of 
shearing, 102 and 103. Straightening. -ro4. 
Heating. 105, 106 and 107. Test pieces of sheared 
and unsheared plates. 
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. Rails. 
Axles. 
Tires. 
Bridge Material. 
a. Wrought Iron (Weld Iron). 
116 and 117. Methods of testing. 
b. Soft and Medium Steel (Ingot Iron). 
rr8 and r1g. Methods of testing. 
. Boiler Material. 


a. Wrought Iron (Weld Iron). 
Methods of testing: 120 to 122. Plates. 123 to 125. 
Angle Iron. 126. Rivetiron. 127. Welding test. 
b. Soft and Medium Steel (Ingot Iron). 
128. Methods of testing. 


by BOOW 


Q 


. Ship Building Material. 
a. Wrought Iron (Weld Iron). 
129. Methods of testing. 
b. Soft, Medium and Hard Steel (Ingot Iron and 
Ingot Steel). 
130 to 132. Methods of testing, length of test pieces. 
H. Wire. 
133 to 135. Methods of testing, length of test pieces. 
1. WIRE CABLES. 
136 to 138. Methods of testing, length of test pieces. 
2. Cast IRON. 
139 and r4o. Conclusions deferred. 


3. CoPPER, BRONZE AND OTHER METALS. 


a. Copper Plates, Sheets and Rods. 
141. Methods of testing. 

f. Copper Wire. 
142. Methods of testing. 


y. Preparation and Method of Procedure. 


143 to 145. Delivery condition, soft and normal con- 
dition. 146 to 151. Removal of test pieces, 
trueing up, manipulation of specimens. 152 to 
156. Method of procedure. 


Other Metals and Alloys. 
157 and 158. Methods of testing. 
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Resolutions Adopted at the Fourth Meeting at Rudesheim, 
September 29, 1900. 


RULES FOR STANDARD TESTS OF MATERIALS. 


J. GENERAL RULES FOR THE TESTING OF MATERIALS. 


1. In tests for scientific purposes it is necessary to deter- 
mine, as far as possible, the character of the material, its natural 
origin and manufacture, its mechanical, physical, microscopic 
and chemical properties, and to cite these in published reports 
together with an account of the treatment of the test-specimen 
before testing. 

2. Every device to be used for the testing of materials must 
be so constructed, that it may be easily and reliably calibrated. 

3. Inthe case of practical tests, it is not advisable to extend 
the degree of accuracy of testing devices and results beyond the 
limits imposed by the inevitable imperfection of the material. 

4. In the case of purely scientific tests it is of course essen- 
tial to aim at the greatest degree of accuracy attainable under 
given circumstances. 

5. A brief description of the apparatus and methods em- 
ployed in tests should accompany published reports, in order 
that the value of the results, and especially the degree of their 
accuracy, may be fairly judged. 


II. MecuanicaL TsstTs. 
1. TENSION AND COMPRESSION TESTS. 
A. General Rules. 


6. Materials should be tested mainly for stresses of the 
character to which they will be subjected in practice. 

7. The influence of time on the results of strength tests 
should be recognized in a general way. Since it may be as- 
sumed, however, that tests of extraordinary rapidity will not 
be undertaken, no especial reason exists at present for pre- 
scribing the maintenance of a fixed rate for testing in practice 
the principal materials of construction, e. g., iron in its various 
forms, copper and bronze. 
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B. Static Tests. 


a. Machines and Measuring Apparatus. 
8. Testing machines should be so constructed that, with 
careful handling, they shall work smoothly (free from shock). 
g. Machines and implements should be calibrated with suf- 
ficient frequency. 
to. Notr.—The Association, through its Council, has recommended 


to the public laboratories for testing materials further improvement 
in the calibration of testing machines. 


b. Gripping Devices. 
11. A gripping device must be so constructed, that the ten- 


. sile or compressive stress will be distributed as uniformly as 


possible over the cross-section of the test piece. 

Essential requirements are: 

1z. For compression tests: free and easy motion in every 
direction of one of the two smooth and plane bearing surfaces 
(ball-bearing). 

13. For tension tests: free and easy motion for the proper 
axial adjustment of the bar at the beginning of the test. 

Experience shows that these conditions are fulfilled: 

14. For cylindrical specimens: by spherical bearings, pref- 
erably with unsplit journals. 

1s. For flat specimens: by pin bearings, provided the pin- 
holes are accurately centred. 

16. Enlarged ends with screw-threads and corresponding 
wedges, provided eccentric loading is precluded. 

17. Wedges with rough faces, provided the specimen is cen- 
trally gripped. 

c. Character and Form of Test Pieces. 
For Compression Tests: 


18. The bearing surfaces of the test piece should be as 
nearly plane and parallel as possible and normal to the longi- 
tudinal axis; they should, so faras practicable, be prepared by 
planing, filing, or turning. 

19. If possible, the test pieces should be cubic. 

20. Where a square cross-section is impracticable, it is 
advisable to make the length / of the prismatic specimen equal 


20 


& 
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to V f (f= area of cross-section) since the strength is consid- 
erably affected by the ratio / / V jf. 
For Tension Tests: 

21. Experience shows that, in the case of long specimens, 
the size and form of the cross-section do not affect the strength. 

22. In the case of ductile materials the length-ratio n = 
L/ V f (lL gaged length and f = area of cross-section) affects the 
percentage of elongation considerably; it is therefore necessary 
to indicate the value of nm employed (in the simplest way as index, 
€. 8+) O565 = *% OF Oy3 = V%)- 

23. Without a knowledge of the percentage of elongation 
is an undefined quantity and of no value as a criterion in the 
case of a ductile material. 

24. It is recommended to base the ratio on the round sec- 
tion used in many countries, viz, 20 mm. (34in.) diameter, and 
200 mm. (8 in.) gaged length, and adopt as normal ratio 1 = 11.3 


Vafe 

25. For short specimens the gaged length / = 5.65 y va 
is recommended. 

26. On account of the influence of the enlarged ends (or of 
the wedge-grips in the case of plain bars) on the elongation, it 
is advisable to also vary the length/, of the prismatic portion of 
the specimen and the length L between the enlarged ends or the 
wedge-grips according to // j. 

Th following ratios are proposed: 

27. For round sections (Figs. A and B): 


ln 2.3 Vay lL, = 12.5 | L = 20V -f; or 
l= 5.65 a iA 1, = 7.0 V fy L=12V jf, 
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Fic. A—Enlarged End. Fic. B.—Plain End. 
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28. For rectangular sections (Fig. C): 
1 = 11.3V f; f= 19.5 ee 12.5V f +26 or 
=s.6sV jf; 1, = ee 7.0V f + 1.5 0. 


g 
5 


‘Rad. of Fillet. 


Fic. C.—Enlarged End. 


(In this case b = width of prismatic section and L distance be- 
tween the ends of the wedge-grips.) 


29. In the case of round sections the measured length should 
be ten times the diameter. 

30. In the case of rectangular sections the measured length 
should be 200 mm. (8 in.) for bars whose area of cross-section 


SSS 


WIZHMISBTES 4324 O4F23 


exceeds 300 sq. mm., (0.47 sq. in.) and 160 mm. (6.3 in.) for bars 
whose area of cross-section is from 200 to 300 sq. mm., (0.31 to 


©.471.5q- 11. ). 


These standards are proposed with due regard to the fact that the 
specifications for sheet and plate iron are commonly based on 
a gaged length of 200 mm. (8 in.) and that the proportions 
recommended are well adapted to practical requirements 
in the preparation of the test pieces. 

Rectangular bars of varying thicknesses may thus be prepared at a 
single operation. Round bars have in any case to be prepared 
separately. The directions in section 27 may thus be easily 
followed. 


d. Method of Procedure. 


31. The tension test may be either abridged, or complete. 
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a. Abridged Tension Test. 


32. The elements to be determined are: 
The ultimate tensile strength. 
The elongation of the original gaged length, after 
fracture. 


8. Complete Tension Test. 


33. In addition to the requirements under section 32, the 

following data should be determined: 

The reduction of cross-section at the point of fracture, 
the total and the elastic changes of length, and the per- 
manent set under varying loads, whence the following 
elements may be derived: 

the modulus of elasticity, 

the proportional limit, 

the yield-point, 

the elastic limit, 7. e., the unit stress within which the 
permanent set is practically imperceptible. 


34. In the case of a complete tension test all data should be 
fully stated. 


7. Percentage of Elongation. 


35. The measurement of the elongation is to be based either 
on a series of divisions marked on the specimen or on the distance 
between the end marks of the gaged length (the method in prac- 
tice). 


36. The length of the divisions should be 1-20th of the gaged 

length. 

The divisions can be easily laid off by means of a notched scale. In 
practice the cross-sections (f) should be so chosen as to require 
only a limited number of notched scales., 

Since the reductions of area are practically symmetrical on opposite 
sides of the fracture, the elongation may always be deter- 
mined as though the fracture had occurred in the middle of 
the specimen, as will appear from the following example: 

The elongation 4 is found from the measurements 4 = (0 to ro + 
o to 3’ + 3 to 10) —/and from that the percentage of elonga- 
tion 0 44.3—= A / 1 per cent. 


37. Indetermining the percentage of elongation by meas- 
uring the distance between the end marks (the method in practice) 
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in the case of ductile materials, tests in which the fracture 
occurs within the end quarter-lengths should be rejected. 


C. Impact Tests. 
a. General Rule. 


38. The shock-resisting capacity of a material can be deter- 
mined only by impact tests. 


b. Impact Testing Machines. 

Impact-testing machines should meet the following require- 
ments: 

39. Impact-testing machines of not more than 6m. (19.7 ft.) 
drop can be more easily housed and more reliably constructed 
than higher ones; it is therefore recommended not to exceed this 
height in future construction and to build the superstructure of 
steel. 

40. Provision should be made for preventing the test piece 
from bounding from its supports and from tipping, without in- 
terfering, however, with its free movement. 

41. Thenormal weight of the hammer should be 1000 or 500 
kg. (2200 or 1100 fbs.); in special cases smaller weights are ad- 
missible. 

42. The hammer may be made of cast iron, cast or forged 
steel. 

43. The hammer should be so shaped as to bring the center 
of gravity as low as possible. 

44. The axis of gravity of the hammer must coincide with 
the center lines of the guides. 

45. The ratio of the guide-length of the hammer to the clear 
width between the guides should be greater than 2 to 1. 

46. The guides should be made of metal, e. g., steel rails, and 
so constructed that the hammer shail have little play. 

47. Graphite is recommended for the lubrication of the 
guides. 

48. The face of the hammer should be of steel, and secured 
by dove-tailed wedging concentric with the axis of gravity of the 
hammer. 

49. With hammers of 1000 and 500 kg. (2200 and 1100 tbs.) 
the face of the hammer should be rounded off to a radius of 
rso mm. (5.9 in.) and the line of contact should be normal to 
the axis of gravity. 
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50. The supports of the test piece should be securely fas- 
tened to the anvil, e. g., by wedging. 

si. The anvil should consist of a single block of cast iron 
and its weight should be at least ten times that of the hammer. 

52. The foundation should be of masonry, its dimensions 
depending on the nature of the ground, but the height should 
be not less than 1 m. (3.28 ft.). 

53. The scale for reading the height of drop should be 
attached adjustably to the guide backing and be divided into 
cm. (0.394 in.). 

54. The device for tripping the hammer should be so con- 
structed as not to interfere with its free fall. 

55. Some safety device should be provided to prevent the 
accidental release of the hammer. 


c. Method of Procedure. 

56. Before beginning the test it should beseen to, that the 
guides are perpendicular and that the hammer moves freely 
throughout the range of travel. 

57. To facilitate the comparison of results, it is recom- 
mended that the details of the method be fully stated. 


2. OTHER TESTS. 
A. Bending Test. 


a. General Rules. 

58. The bending test should be made with a machine of 
slow and constant movement. 

59. The point of maximum tensile fiber stress should be 
fully exposed to view. 

60. The ratio between the thickness of the specimen « and 
the radius of curvature of the neutral plane on the appearance 
of plainly visible cracks is the best criterion for judging the 
material. 

61. The standard for curvature shall be: C= 50 @/ p. 


b. Bending Apparatus. 
The machine should operate: 


62. either by pressure at the center of a bar supported at 
both ends, or 


63. by pressure at the end of a bar fastened at one end. 
The bending may be made: 
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64. either freely about the rounded edge of the bearing 
block, or the end grip; 

65. or by forcing the inner surface of the specimen to a snug 
fit about a mandrel. 

66. In bending about a mandrel its diameter should depend 
on the character of the material and the thickness of the speci- 
men. 

c. Character and Form of the Test Pieces. 


The material may be tested: 

67. In its normal condition; in which case the test piece 
should be removed cold, and, if possible, without suffering any 
change of form (not with shears, see sections 100 and ror); 

68. heated; in which case the heating should be done in a 
manner adapted to the material; 

69. quenched, 2. e., heated and then quickly cooled by being 
stirred in water from 15 to 30° C.; 

70. undeformed: prismatic bars (see sections 72 and 73); 

71. deformed: notched bars, punched or drilled bars, etc. 
(see sections 74 and 75). 

72. The test specimens should as a rule be rectangular in 
section and the edges should be rounded off considerably at the 
section of maximum bending. 

73. In the case of rolled shapes the sectional area should be 
preserved as far as practicable. 

74. The notching of the tensile side should be done by 
planing with a sharp tool up to o.2 of the thickness of the speci- 
men. 

75. The punching should be done if possible, with a punch 
of a diameter 2a at the centre of a bar with the relative dimen- 
sions, a (width): b (depth) = 1:5. 

d. Method of Procedure. 


The specimen may be subjected to: 
76. The cold bending test 
(a) at normal temperature (10 to 30° C.), 
(b) artificially cooled (below o° C.). 
77. The hot bending test 
(a) at blue heat, 
(b) at red heat. 
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78. When tested at a blue heat the metal must be heated 
till it turns blue on a brightened surface and retains this color 
(it will not turn blue if it is too cold, and will not stay blue if it 
is too hot). 

79. When tested at a red heat the metal should be at a 
temperature of 500 to 600° C. (it will then appear plainly red in 
the shade). 

80. The radius of curvature may be found with sufficient 
accuracy by means of curved gages applied to the tensile side of 
the bar. 

81. The radii of the gages should increase progressively by 
2 mm. (0.079 in.). 

82. The arc of the gages should always be 45°. 


B. Reverse Bending Test (Wire). 


a. Apparatus. 

83. Reverse bending tests should be made about rounded 
edges whose radius of curvature is equal to twice the thickness 
of the specimen (r = 2 a). 

84. The free end of the specimen must be so gripped that 
no tensile stress shall be developed and the lever arm h, meas- 
ured from the beginning of curvature to the grip shall be equal 
to fifteen times the thickness of the specimen (h — 15 a). 


b. Method of Procedure. 

85. The complete bend consists in bending the wire from its 
normal position go° to the right and back; the second complete 
bend is then made go° to the left and back; the third to the right, 
etc. 

86. The value of the material depends on the number of 
bends sustained before fracture. 


C. Torsion Test (wire.) 


87. The torsion test should be made with a machine which 
registers the number of twists up to fracture, and the free length 
of the specimen shall be equai to seventy-five times the thick- 
ness. (J == 7% @). 

88. The apparatus should not oppose the free change of 
length of the specimen. 
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D. Forging Test. 
a. Flattening Tests. 


89. The flattening test is to be made with a hand hammer, 
sledge hammer or rapid power hammer. The hammer face 
should be rounded to a diameter of 15 mm. (0.6 in.) and ap- 
plied transversely to the desired direction of the flattening. 
go. The test specimen shall have the relative dimensions a 
(thickness): b (width) = 1 : 3 and shall be widened or stretched 
on a length / — 1.5 to 2 b. 

g1. The standard for the widening (w) from 0 to b’ and of 
the stretching (s) from / to /’ is the ratio b’ #b and I’ / 1 respec- 
tively, reached at the beginning of tearing. 


b. Upsetting Test. 
g2. The upsetting test is to be made with a hammer or a 
rapid power hammer. 
93. The test pieces should be cylinders of a height equal to 
twice their diameter (h = 2 d). 
94. The standard for the upsetting (w) is the ratio h—h’ | h 
reached at the beginning of cracking. 


eeDritting «Test: 

95. The drifting test consists in punching at a bright red heat 
a bar of the relative dimensions, a:b —1 : 5, toa diameter 2 a 
and then enlarging the hole with a drift pin. 

96. The diameter of the drift pin should have a taper of 
I to 10. 

97. If necessary the test piece should be reheated. 

98. The standard for the enlargement () is the ratio d’ / d 
reached at the beginning of tearing. 


d. Punching Test. 


99. The punching test consists in placing on the anvil a red 
hot specimen, whose width-ratio a :bis greater than 1 : 5, and 
determining with a punch of diameter a how near the edge a hole 
may be made without cracking. 


III. Testinc oF MATERIALS FOR SPECIAL PURPOSES. 


I. WROUGHT IRON AND STEEL. 
A. General Rules. 
fe d cold, and as f 
100. The test pieces must be removed cold, and as far as 
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practicable with sharp tools (planes, saws, etc.) without pro- 
ducing bending 

tor. In case the test pieces for tensile tests are sheared, 
punched or chiseled off, at least 5 mm. (0.20 in.) must be re- 
moved within the gaged length (see section 26) (by planing or 
reaming), in order to remove the effect of the shearing, etc. 

102. Bent pieces should, as a rule, be straightened cold 
under a press or with copper hammers. 

103. If the pieces must be straightened hot, they should not 
be heated above a cherry-red heat (650° C.). 

104. Special care is necessary when the test pieces are to be 
glowed out. The glowing must take place at 800 to goo® C. and 
the cooling must be done slowly. 

The glow heat must lie above the critical point—about 750° 
C.—and should not exceed goo® C., to avoid the danger of burn- 
ing. 

105. The rolled surface should be preserved. as far as prac- 
ticable. 

106. In the case of sheared plates the test pieces for longi- 
tudinal and transverse specimens should be removed from the 
corresponding longitudinal and transverse sides; in the case of 
unsheared plates (direct from the rolls) the test pieces should be 
taken from the edge or end trimmings. 

107. The outside strips of unsheared plates to a distance of 
at least 30 mm. (1.2 in.) must not be used as test pieces. 


Banas: 


108. Rails should be subjected to the simple tension test 
(section 32) and to the drop test in bending. 

[ 109. In the case of the drop test (sections 38 to 57) the pro- 
jecting ends affect the result; therefore like lengths must be 
used for like sections and like distances between supports, if the 
results are to be directly comparable. The edges of the sup- 
porting blocks should be rounded off to a radius of 50 mm. 
(1.97 in.), 

C. Axles. 


tro. Axles should be subjected to the simple tension test 
(section 32) and to the drop test in bending. 
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t11. In the case of the drop test, the span should be 
meeri(a.42 ft.). 
D1 ies: 
112. The material for tires should be subjected to the sim- 


ple tension test (section 32) and to the drop test in bending (sec- 
tions 38 and 57). 


113. In the case of the drop test the hammer face should 


- strike upon a light intermediate plate, conforming to the outline 


of the tire, having a plane upper surface, whose weight should be 
as light as possible and under no circumstances exceed 50 kg. 
(110.2 fbs.). 


114. This intermediate piece as well as the supporting block 


-conforming to the section of the tire, should be shaped to a 


radius of 150 mm. (5.91 in.). 
115. The tire should be held in a perpendicular position by 
a device which will not interfere with its free bending. 


E. Bridge Materzal. 
a. Wrought Iron (Weld Iron). 


116. Wrought iron for bridge building purposes should be 
subjected to the simple tension test (section 32) and to the bend- 
ing test. 

117. The bending test should be applied to the undeformed 
specimen (section 70) cold (section 76 a) and at red heat (sec- 
tion 79). 


b. Soft and Medium Steel (Ingot Iron). 

118. Soft and medium steel for bridge building purposes 
should be subjected to the simple tension test (section 32) and 
to the bending test. 

119. The bending test (76 a) should be applied to the unde- 
formed specimen (section 70) cold and quenched (sections 69 
and 104). 

F, Boiler Materials. 


a. Wrought Iron (Weld Iron). 


120. Plates should be subjected to the simple tension test 
(section 32), the bending test without deformation (section 70), 
cold (section 76 a) and at red heat (section 79), as well as to the 
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flattening test (section 89 to g1) and to the drifting test (section 
95 to 98). 

121. In testing boiler plates, which have already been sub- 
jected to shop manipulations, for the properties which they had 
before use, the test piece must be taken from those parts which 
have not been reduced to unequal thicknesses through working 
and have remained fairly straight. 

122. In case only a curved plate is available, then the speci- 
men should be obtained by drilling, planing or by means of a cir- 
cular saw. The test pieces should be very carefully prepared 
in other respects according to sections 100 to 104. 

123. Angle iron should be subjected to the simple tension 
test (section 32), to the bending test (sections 83 to 86), to the 
flattening test (sections 89 to 91) and to the drifting test (sec- 
tions 95 to 98). 

124. Longitudinal strips from the sides should be bent with- 
out previous deformation (section 70) cold (section 76 a) or at 
red heat (section 79). 

125. The sides, to a length of roo mm. (3.94 in.) may also 
be bent apart or folded together until the appearance of cracks. 

126. Rivet iron should be subjected to the simple tension 
test (section 32), to the cold bending test without previous 
deformation (section 70) and to the cold upsetting test (sections 
92 to 94). 

127. If necessary the material should be tested for weld- 
ability. 

b. Soft and Medium Steel (Ingot Iron). 

128. The same tests should be applied to soft and medium 

steel as to wrought iron (section 120), the bending tests, how- 


ever, may be confined to quench tests (section s9) on unde- 
formed specimens (section 70). 


G. Ship-Building Material. 


a. Wrought Iron (Weld Iron). 

129. Wrought iron for ship-building purposes should be 
subjected to the simple tension test (section 32), to the bending 
test without previous deformation (section 70), cold (section 76 a) 
and at red heat (section 79) as well as to the forging test. 
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b. Soft, Medium and Hard Steel (Ingot Iron and Ingot Steel). 


130. Soft, medium and hard steel for ship-building purposes, 
such as sheets, plates, shapes and rivet metal, should be sub- 
jected to the simple tension test (section 32), to the bending test 
and to the forging tests. 


Nore.—Wrought iron rivets, see section 126. 


131. The bending test should be applied to undeformed 
bars (section 70) quenched (section 69) and at red heat (section 
79): 

132. If necessary the material should be tested for weld- 
ability. 

H. Wrre. 

133. Wire should be subjected to the simple tension test 
(section 32), to the reverse bending test (sections 83 to 86) and 
to the torsion test (sections 87 and 88). 

134. The free length of the specimen in the case of the ten- 
sion test and especially in that of the torsion test should be 
seventy-five times its thickness. 

135. The gaged length (/) in the case of the tension test, 
is to be fifty times the diameter (a). 


I. Wure Cables. 
136. Cables shall be subjected principally to the simple 
tension test (section 32). 
137. The ratio of the free length L, of the specimen between 
grips, to the thickness shall be at least 30. 
138. The gage length shall be 25 diameters. 


2. CAST IRON. 
139. The test pieces for the testing of cast iron shall be 
3.cm. (1.08 in.) square and r1o cm. (43.3 in.) long. 


140. Notr.—Conclusions in reference to character and scope of 
tests, preparation of test specimens, etc., will be deferred pending the 
hearing of interested parties and the results of investigations in other 


countries. 
3. COPPER, BRONZE AND OTHER METALS. 
a: Copper. 
a. Plates, Sheets and Bars} 


318 GERMAN RULES FOR STANDARD TESTS. 


141. The material should be subjected to the simple tension 
test (section 32), to the cold and hot bending test (sections 70, 
76 a, and 79), and in the case of bars, also to the upsetting test 
(sections 92 to 94). : 


f Wire. 
142. Copper wire should be subjected to the simple tension 


test (section 32), to the reverse bending test (sections 83 to 86) 
and to the torsion test (sections 87 and 88). 


y. Preparation and Method of Procedure. 


Preparation of the Material. 


143. The tests are to be applied to the material as delivered 
or if desired, in the case of copper plates, sheets or bars also in 
its soft state. 

144. In order to test the properties of copper in its normal 
condition, the test pieces must be softened. 

145. This should be done after removal of the specimens, 
4. €., before the final finishing, by heating them at a temperature 
of 600 to 700° C. (but not beyond) in a furnace, then cooling 
them in the air until the disappearance of the glow and then in 
water of 15° C. 


Removal and Preparation of Test Pieces. 


146. The test pieces should only be removed cold with saw, 
file or by machine, and subsequent trueing should be avoided if 
possible. 

147. The trueing should invariably be done carefully and 
if practicable with wooden or copper hammers. 

148. For testing copper in its soft condition specimens which 
in their natural state approach the finished form, may be heated 
for purposes of trueing, but should in that case be reheated to 
change them to a soft condition. 

149. Since the results in the case of copper depend so much 
on the manipulation of the specimens, the final finishing should 
be'done with the greatest care, and it is especially important that 
the travel of the finishing tool be not arrested within the gage 
length and that the final cuts be very light. The bars should be 
planed lengthwise and finished with emery paper. 
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150. In the case of flat bars for tensile tests, the edges should 
be slightly chamfered by filing. 

151. The specimens for the bending test should be prepared 
according to sections 72 and 73. 


Method of Procedure. 


152. The cold bending test in the case of copper should not 
be performed at a temperature below 10° C. 

153. In the case of test pieces taken from plates, sheets and 
bars, those specimens which have stood the bending until the 
ends meet should be pressed together, until the inner surfaces. 
are brought to perfect contact. 

154. In the case of the hot bending test the test pieces should 
be raised to a cherry-red heat (600° C.); and the bending should 
be continued until cracks appear or until the inner surfaces are 
brought to perfect contact. 

155. The reverse bending test for wire is to be applied cold 
according to sections 83 to 86. 

156. The torsion test for wire is to be made according to 
sections 87 and 88. 


b. Other Metals and Alloys. 


157. Other metals and alloys should be subjected to the 
simple tension test (section 32), the compression test, the bend- 
ing test, and the cold (section 76 a) and hot bending test (section 
79). 

158. The rules for testing such metals and alloys should 
correspond, according to the properties of the material, to the 
rules for testing cast iron or those for testing copper; 7. @., in 
the former case, simple tension, compression and bending tests 
are recommended; in the latter, simple tension and compression 
tests as well as cold and hot bending tests. 


CHARTER 
OF THE 


AMERICAN SOCIETY FOR TESTING MATERIALS. 


To the Honorable, the fudges of the Court of Common Pleas No. 2 
in and for the City and County of Philadelphia: of March 
term, 1902, No. 2056: 


In compliance with the requirements of an Act of the 
General Assembly of the Commonwealth of Pennsylvania, 
entitled ‘‘An Act to Provide for the Incorporation and Regula- 
tion of Certain Corporations,” approved the 29th day of April, 
A. D. one thousand eight hundred and seventy-four, and the 
supplements thereto, the undersigned, Henry M. Howe, Charles 
B. Dudley, Edgar Marburg, Robert W. Lesley, Mansfield Merri- 
man, Albert Ladd Colby and William R. Webster, six of whom 
are citizens of Pennsylvania, having associated themselves 
together for the purposes hereinafter set forth, and desiring that 
they may be incorporated according to law, do hereby certify: 

1. The name of the proposed corporation is the “‘ American 
Society for Testing Materials.’ 

2. The corporation is formed for the Promotion of Knowl- 
edge of the Materials of Engineering, and the Standardization of 
Specifications and the Methods of Testing. 

3. The business of the said corporation is to be transacted 
in Philadelphia. 

4. The said corporation is to exist perpetually. 

5. The names and residences of the incorporators are as 
follows: 

Henry M. Howe, 27 West Seventy-third Street, New York. 

CHARLES B. Dup.ey, Altoona, Pa. 

EpGAR MARBURG, 517 South Forty-first Street, Philadelphia. 

Rosert W. LESLEY, 22 South Fifteenth Street, Philadelphia. 

MANSFIELD MERRIMAN, South Bethlehem, Pa. 

ALBERT Lapp CoLBy, South Bethlehem, Pa. 

Wituiam R. WessTeEr, “The Bartram,’ Thirty-third and 

Chestnut Streets, Philadelphia. 
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6. The management of the said corporation shall be vested 
in an Executive Committee, consisting of six (6) members, viz: 
the Chairman, the Vice-Chairman, the Secretary, the Treasurer, 
and two other members of the corporation, and such other officers 
as the corporation may from time to time appoint. 

7. The corporation has no capital stock, and the members 
thereof shall be composed of the subscribers and their associates 
and of such persons as may from time to time be admitted by 
vote in such manner and upon such requirements as may be 
prescribed by the By-Laws. The corporation shall nevertheless 
have power to exclude, expel or suspend members for just or 
legal cause, and in such legal manner as may be ordained and 
directed by the By-Laws. 

8. The By-Laws of this corporation shall be admitted and 
taken to be its laws subordinate to the statute aforesaid; this 
Charter; Constitution and Laws of the Commonwealth of Penn- 
sylvania, and the Constitution of the United States; they shall 
be altered and amended as provided for by the By-Laws them- 
selves; and shall prescribe the powers and functions of the 
Executive Committee herein mentioned and those to be hereafter 
elected. The times and places of meetings of the Committee 
and this corporation; the number of members who shall con- 
stitute a quorum at the meetings of the corporation, and of the 
Committee; the qualifications and manner of electing members; 
the manner of electing officers; and the power and duties of such 
officers; and all other concerned and internal arrangements of 
the said corporation. 

Witness our hands and seals this twenty-first day of March, 
Ae FOO2- 

Epcar MARBURG, 
Re We LEsrey, 
[Signed] Wn. R. WEBSTER, 
: MANSFIELD MERRIMAN, 
ALBERT Lapp Cory. 
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BY-LAWS. 
Adopted June 12, 1902. 


INIRIMKC EAD 1G, 
MEMBERS. 


SECTION 1. Any person, corporation or technical society 
holding membership in the International Association for Testing 
Materials is eligible for membership. 

SECTION 2. Any person, corporation or society can become 
a member of this Society and of the International Association 
for Testing Materials simultaneously upon being proposed by two 
members of this Society and being approved by its Executive 
Committee. 

SECTION 3. Applications for membership and resignation 
from membership must be transmitted in writing to the Secre- 
tary. 


ARTICLE II. 
OFFICERS AND THEIR ELECTION. 


SecTION 1. The officers shall be a President, Vice-President, 
Secretary and Treasurer. 

Section 2. The offices of Secretary and Treasurer shall be 
held by the same person. 

SEcTION 3. These officers shall be elected by letter-ballot, at 
the Annual Meeting, and shall hold office for two years. 

SEcTION 4. The Executive Committee shall consist of these 
officers and also the last past-President and three members, two 
being elected by letter-ballot at each Annual Meeting in the odd 
years and one at each Annual Meeting in the even years. 

SECTION 5. The President shall be, ex-officio, the nominee for 
American Member of the Council of the International Association. 

SECTION 6. The Secretary shall receive a salary to be fixed 
by the Executive Committee. 

SECTION 7. The officers and members of the Executive Com- 
mittee of this Society to hold office until the next election under 
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these By-Laws, shall be as follows: To hold office for two years— 
President, Charles B. Dudley; Vice-President, R. W. Lesley; 
Secretary-Treasurer, Edgar Marburg; members of the Executive 
Committee, Henry M. Howe and James Christie. To hold office 
for one year—members of the Executive Committee, Albert Ladd 
Colby and John McLeod. 

Section 8. The above officers and members of the Execu- 
tive Committee, as well as all succeeding officers and members of 
the Executive Committee elected under these By-Laws, shall 
serve for the respective terms to which they shall have been 
elected, or until their successors shall have been duly elected. 

SECTION 9. The Executive Committee shall have the power 
to fill any vacancies occurring in their number, by death, resig- 
nation, or otherwise. 

SEcTION 10. The election of officers and members of the 
Executive Committee shall be by letter-ballot. The Executive 
Committee, before each Annual Meeting, shall appoint a Nomi- 
nating Committee, whose duty it shall be to nominate a full list 
of officers. The list of nominations so made shall be submitted 
to the membership not more than eight (8) nor less than four (4) 
weeks before the coming Annual Meeting. 

Further nominations, signed by at least ten (10) members, 
may be submitted to the Secretary in writing at least four (4) 
weeks before the Annual Meeting, and such nominations shall 
also be submitted to the membership on the official ballot. 


ARTICLE; IDI: 


MEETINGS. 


SECTION 1. The Society shall meet annually. The time and 
place of each meeting shall be fixed by the Executive Committee. 
SECTION 2. Special meetings may be called whenever the 
Executive Committee shall deem it necessary, or upon the 
request in writing to the President of twenty-five (25) members. 


ARTICLE Iv. 


DUES. 


SecTIon 1. The fiscal year shall commence on the first of 
January, and all dues shall be payable in advance. 


324 By-Laws. 


SEecTION 2. The annual dues of each member shall be $3.00. 
Of this amount $1.50 shall be transmitted by the Secretary 
to the International Association for Testing Materials. The 
remainder shall be applied to the treasury of the Society. 

SecTIon 3. Any member of the Society whose dues shall 
remain unpaid for the period of one year shall forfeit the privi- 
leges of membership. If he neglects to pay his dues within 
thirty days thereafter, and after notification from the Secretary, 
his name may be stricken from the roll of membership by the 
Executive Committee. 


INRAPICCALAD, AW 
AMENDMENTS. 


SECTION 1. Proposed Amendments to these By-Laws, signed 
by at least three members, must be presented in writing to the 
Executive Committee at least four weeks before the next Annual 
Meeting. In the notices for this meeting the proposed Amend- 
ment shall be printed. At the Annual Meeting the proposed 
Amendment may be discussed and amended and may be passed 
to letter-ballot by a two-thirds vote of those present. 

If two-thirds of the votes obtained by letter-ballot are in 
favor of the proposed Amendment, it shall be adopted. 

SECTION 2. The Executive Committee is authorized to 
number the Articles and Sections of the By-Laws to correspond 
with any changes that may be made. 


RULES GOVERNING THE EXECUTIVE COMMITTEE. 


1. Regular meetings shall be held on the first Saturday in 
January, April, July and October. Four members shall con- 
stitute a quorum. 

At each meeting the Secretary shall report. the names of all 
new members and of members who have resigned during the 
previous quarter; and shall present a financial statement. 

At the January and October meetings, the Secretary shall 
report the names of all members whose dues are unpaid. 

The accounts of the Secretary shall be duly audited at the 
middle and close of each fiscal year, and the report of the 
auditors shall be presented in writing at the July and January 
meetings. 

2. Special meetings may be held at any time at the call of 
the President, or upon the written request of four members of 
the Executive Committee. The notice for such meetings shall 
be mailed by the Secretary at least one week in advance of the 
meeting, and the business shall be stated in the notice. 

3. The Secretary shall transmit to the International Associa- 
tion within five days after the first day of January, April, July 
and October, $1.50 for each member whose dues were paid in the 
previous quarter together with the names of those members. 

No other expenses shall be paid except on vouchers certified 
to be correct by the Chairman of the Committee on Finance, or 
a member thereof designated by the Chairman. 
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INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS, 


Historical—The International Association for Testing 
Materials had its origin in a conference of a small group of 
workers in experimental engineering held in Munich in 1882, at 
the instance chiefly of the late John Bauschinger. Meetings on 
a larger scale were subsequently held at Dresden (1884), Berlin 
(1886), Munich (1888), Vienna (1893) and Zurich (1895). Atthe 
Zurich Congress the International Association for Testing Materi- 
als was formally organized, the Second Congress was held at Stock- 
holm in 1897, the Third Congress met at Buda-Pesth in 1g901*, the 
Fourth Congress will assemble at St. Petersburg in 1904, and 
succeeding congresses will be convened biennially thereafter. 

Membershtp.—The membership, according to the latest 
official report (December, 1902), is distributed as follows: Russia, 
389; Germany, 370; United States of America, 232T; Austria, 
193; France, 153; Switzerland, 81; Hungary, 74; Sweden, 55; 
England, 52; Belgium, 47; Denmark, 44; Norway, 43; Holland, 
42; Italy, 42; Spain, 27; Roumania, 20; Portugal, 12; Luxem- 
bourg, 5; Servia,5; Australia, 2; Brazil,2; Argentine Republic, 
1; Chili, r. Total, 1,892, representing 23 countries. 

Objects —The objects of the Association, as set forth in its 
By-Lawsf are: ‘“‘The development and unification of standard 
methods of testing ; the investigation of the technically impor- 
tant properties of the materials of construction and other 
materials of technical importance, and also the perfecting of 
apparatus used for that purpose.” 

The important subject of specifications has, however, also 
been included within the scope of the Association’s activity. 
Thus, International Committee No. 1 has been charged to report 
on the following problem: ‘On the basis of existing specifica- 
tions, to seek methods and means for the introduction of inter- 


* The Third Congress, originally scheduled for r900, to be held at Paris during the Exhibition, 
was abandoned in order not to conflict with the International Testing Congress, conducted under 
French auspices. 

+ The American membership is now (January, 1903), 290. 

{ These By-Laws are given in full on pp. 370-3. 
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national specifications for testing and inspecting iron and steel 
of all kinds.”’ 

Again, in pursuance of American initiative at the Buda- 
Pesth Congress (1901), Committee No. 1 has been enlarged by 
the’addition of three American members, with a view of reporting 
on “Standard International Specifications for Cast Iron and 
Finished Castings,’’ and Committee No. 22 has been instructed 
to report ‘“‘On the Feasibility of the Establishment of Standard 
International Specifications for Cements.”’ 

Adnunistration.—The affairs of the Association are admin- 
istered by a Council, consisting of the President and one repre- 
sentative (member of Council) from each country having a mem- 
bership of twenty (20) or more. 

Methods.—The original plan was to conduct investigations 
almost exclusively through the agency of international com- 
mittees. Twenty-four such committees were appointed and 
several others are now in process of organization. These 
committees proved unwieldy, however, by reason of their large 
membership, with the added difficulties arising from geographical 
separation and differences of language. In pursuance of reso- 
lutions at the Buda-Pesth Congress (1901) the Council has 
recently discharged some of these committees, reassigning the 
problems in part to individual referees*. In the case of 
questions of direct international concern, the original inter- 
national committees are continued. 

At the international congresses the reports of these com- 
mittees as well as individual contributions by members are 
presented and discussed. 

Publications —On May 5, 1896, the International Council 
effected an arrangement with the publishers of “‘ Baumaterialen- 
kunde”’ ¢ (Materials of Construction) by which that journal 
became the official organ of the Association. Since July, 1896, 
this journal has published the Proceedings of Congresses and 
other official matter in German and French. The fact that the 
Association did not furnish printed Proceedings to members free 
of charge, and that no provision had been made for translation 


* For complete list of problems, committees and referees, see pp. 374-80. 

+ Baumaterialenkunde: Published bi-weekly at Stuttgart, Germany, in German and French. 
Regular subscription price $3.50 per annum, special terms to members of the International Associa- 
tion for Testing Materials, $2.50 per annum. Address: Staehle and Friedel, No. 57 Tuebinger 
Street, Stuttgart, Germany. 
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into English, gave rise to no little dissatisfaction. At the Buda- 
Pesth Congress (1901) the International Council was accordingly 
authorized to perfect a new arrangement by which all official 
matter shall hereafter be published as a Supplement to ‘‘ Bauma- 
terialenkunde,” under the title ‘“‘ Official Communications of the 
International Association for Testing Materials.” This Supple- 
ment is to be issued in three separate editions (German, English 
and French) and is to be sent free of charge to every member of 
the Association in such language as may be preferred. Final 
negotiations to that end are now under way between the Council 
and the publishers. 
ORGANIZATION OF THE AMERICAN MEMBERS OF THE 
INTERNATIONAL ASSOCIATION. 

Historical_—With a view of bringing the members of like 
nationality into closer relations among themselves, and in order 
to simplify the management and render the work of the Associa- 
tion more effective, it was decided at the Stockholm Congress 
(1897) to encourage the consolidation of the membership in the 
various countries into separate national organizations. In pur- 
suance of this action the American members met in Philadelphia 
on June 16, 1898 and organized under the name of the “‘ American 
Section of the International Association for Testing Materials.” 

In March, 1902, the Executive Committee of the American 
Section applied for a Charter under the laws of the State of Penn- 
sylvania for purposes of incorporation under the proposed new 
name of the ‘“‘American Society for Testing Materials.” This 
Charter was duly granted, and at the Fifth Annual Meeting, held 
in Atlantic City, N. J., it was unanimously adopted on June 12, 
1902. 

Objects.—The objects of the Society are essentially identical 
with those of the International Association, with which it stands 
in direct organic relation, both through its membership in the 
same as a body, and through the prescribed individual member- 
ship on the part of every one of its members. 

As stated in the Charter: ‘‘The corporation is formed for 
the promotion of knowledge of the materials of engineering, and 
the standardization of specifications and the methods of testing.” 

Representation on the International Council.—The American 
members are entitled to one representative on the International 
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Council. By the new Statutes of the Association (roo0r): ‘‘the 
members of Council shall be proposed by the members of each 
country; their final appointment being confirmed by the Con- 
gress.”” According to the By-Laws of the American Society the 
President becomes, ‘‘ex officio, the nominee for American Member 
of the Council of the International Association.”’ 

Meetings.—The Society meets annually at a time and place 
fixed by the Executive Committee. Special meetings may also 
be called in accordance with the provisions of the By-Laws. 

Annual meetings have been held in past years as follows: 

First Annual Meeting, Philadelphia, Pa., House of Engi- 
neers’ Club of Philadelphia, August 27, 1898. 

Second Annual Meeting, Pittsburg, Pa., Rooms of Engineers’ 
Society of Western Pennsylvania, August 15, 16, 1899. 

Third Annual Meeting, New York, N. Y., House of American 
Society of Mechanical Engineers, October 25, 26, 27, 1900. 

Fourth Annual Meeting, Niagara Falls, N. Y., International 
Hotel, June 29, 1901. 

Fifth Annual Meeting, Atlantic City, N. J., Hotel Traymore, 
tHe E2, 13; 14, 1902. 

Membership.—The number of American members at the 
time of the organization meeting in 1898 was 70. The member- 
ship reported at the successive annual meetings was as follows: 
(1899) 128, (1900) 160, (1901) 168, (1902) 175, and it is now 
(January, 1903) 290. 

Methods.—The operations of the Society are conducted in 
part under the auspices of the International Association and in 
part independently. 

The number of American representatives on international 
committees is fixed by the International Council. These Ameri- 
can sub-committees are authorized, however, to increase their 
number at pleasure, subject always to the approval of the Execu- 
tive Committee of the American Society. The sense of these 
enlarged sub-committees on all questions is determined by 
majority vote; but on the international committees, the repre- 
sentation and the number of votes allowed remain as originally 
fixed by the International Council. 

The American Society appoints other committees at its dis- 
cretion entirely independently of the International Association. 
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Thus, in pursuance of resolutions at the Fifth Annual Meeting, 
committees have been appointed on “Standard Specifications 
for Cement,’’ on ‘‘Standard Specifications for Paving and 
Building Brick,’ and on ‘Preservative Coatings for Iron and 
Steel.’ Other committees, on ‘Standard Specifications for 
Cast Iron and Finished Castings,’’ and on ‘‘ Bitumen,” are in 
course of organization. Where commercial interests are in- 
volved, the policy is to accord equal numerical representation 
on such committees to engineers (or scientists) and to manu- 
facturers. 

The reports of the international sub-committees and of 
the American committees are presented at the annual meetings 
for discussion in open session and become subject to such action 
as may be there decided on. 

Publications.—The publications of the Society have ap- 
peared heretofore at irregular intervals in the form of bulletins. 
Twenty-eight (28) bulletins, containing a total of 266 pages, 
have been issued.* It has been decided to publish the Pro- 
ceedings henceforth in the form of annual volumes. The first of 
these volumes is designated Volume II of the Proceedings, the 
Bulletins previously issued constituting Volume I. 

The most notable work thus far accomplished by the Society 
is the framing, by the American Branch of International Com- 
mittee No. 1 (enlarged for this purpose to thirty-four members) 


and the adoption in August, rgor, by letter-ballot of the Society, ° 


of Standard Specifications on (1) Structural Steel for Bridges and 
Ships, (2) Structural Steel for Buildings, (3) Open-Hearth Boiler 
Plate and Rivet Steel, (4) Steel Rails, (5) Steel Splice Bars, (6) 
Steel Axles, (7) Steel Tires, (8) Steel Forgings, (9) Steel Castings, 
(10) Wrought Iron. These ten Standard Specifications are pub- 
lished separately in the order given as Bulletins Nos. 8 to 16 
inclusive, and Bulletin No. 24. 

These specifications have attracted wide attention and have 
served as a basis for formal discussions on the part of leading 
engineering societies, such as the Ametican Society of Civil En- 
gineers, the American Society of Mechanical Engineers, the 
American Institute of Mining Engineers, the American Foundry- 
men’s Association, etc. 


* Bulletins Nos. 1, 2 and 3 are out of print. Bulletins Nos. 4 to 28, inclusive, may be had on 


application to the Secretary at a total cost, postage prepaid, of two dollars and fifty cents ($2. 5°). 
For Table of Contents of these publications, see pp. 366-8. 
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CENTRAL IRON AND OTEEL COMPANY S222 eames 
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Folsom Streets, San Francisco, Cal 
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Engineer of Tests, Chicago and Northwestern Rail- 
road, Chicago, II. 
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Ill. 
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Consulting Engineer, 80 Pine Street, New Verte 
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DUPOUR, F. OF woralc sit, oa eto No eter ae eee ees 
Professor of Civil Engineering, University of Cin- 
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Consulting Engineer, 909 Crozer Building, Phila- 
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Assistant Professor of Electrical Engineering, Purdue 
University, Lafayette, Ind. 
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Henry T. Bovey, Dean, Montreal, Can. 
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Engineer and Machinist, 4602 Kingsessing Avenue, 
Philadelphia, Pa. 
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lography, Massachusetts Institute of Technology, 
Boston, Mass. 
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Chemist and Inspector, Long Island Railroad, Long 
Island City, N. Y. 
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William H. Wahl, Secretary, 15 South Seventh 
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t St. Louis, Mo. 
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ROWLAND) JOHN UE.) [Rev feccca oe cio vetle A alee tenet eee 
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United States Assistant Engineer, Detroit, Mich. 
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Avenue, Providence, R. I. 
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Assistant Professor of Metallurgy, Harvard Univer- 
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Engineer, Maintenance of Way, Chesapeake and Ohio 
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Tenn. 
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Superintendent Atlas Cement Company, Catasauqua, 
Pa; 


Eee ee VE eee | Ane ee Sys en ed tee 
Civil Engineer, 40 Wall Street, New York, N. Y. 
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J. H. Nicholson, Assistant to First Vice-President, 
The Frick Building, Pittsburg, Pa. 

SE SERS SSS Oo NAY Can ke er a a 
General Manager Pennsylvania Malleable Company, 
Central Car Wheel Company, Frick Building, Pitts- 
burg, Pa. 
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Engineer and Superintendent, Department Water, 
City of Newark, 128 Halsey Street, Newark, N. J. 
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Paint and Varnish Makers, E..C. Holton, Chemist in 
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Chemist and Metallurgist, Easton, Pa. 
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Chief Inspector, Testing Department, Jones & Laugh- 
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General Superintendent Keystone Car Wheel Com- 
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Boston, Mass. 
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Conn. 
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OEE WE T'R cos) So We 2 ce debe cen eo cae ee eine et ook ee 
Cement Inspector, Metropolitan Water Board of 
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Superintendent Michigan Stove Company, 753 Jeffer-- 
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Professor of Geology, School of Mines, Columbia 
University, New York, N. Y. 
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Superintendent Logan Iron and Steel Company, 
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Consulting Engineer, 220 Broadway, N. Y. 
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Vice-Chairman Jones & Laughlins, Limited, Pitts- 
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Engineer of Tests, American Locomotive Company, 
’ Schenectady, N. Y. 
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Editor The Iron Age, 232 William Street, New York, 
N.Y. 
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Engineer Kirksville Foundry and Machine Company, 
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Engineer of Tests, Pennsylvania Railroad, Altoona, 
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Professor Engineering, Union College, Schenectady, 


NY. 
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Professor Theoretical and Applied Mechanics, in 
charge Mechanical Engineering Department, Massa- 
chusetts Institute of Technology, Boston, Mass. 
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Chemical and Physical Laboratories, 1619 Filbert 


Street, Philadelphia, Pa. 
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Marriot C. Smyth, President, 1200 Girard Building, 
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Assistant Professor of Architecture, Massachusetts 
Institute of Technology, Boston, Mass. 
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LESLEY, Ro Wi (Vice-President). se -bae rocnnarne 
President American Cement Company, 22 South 
Fifteenth Street, Philadelphia, Pa. 


IER WIS, *PREDERICK Es.) 220 Cis nue eee ee eee 
Manager Virginia Portland Cement Company, 
Craigsville, Va. 
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Secretary and Treasurer Monongahela Iron and 
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Commissioner of Bridges, City of New York, Park 
Row Building, New York, N. Y. 
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City Engineer, Altoona, Pa. 


Vice-President Vulcanite Portland Cement Company, 
Real Estate Trust Building, Philadelphia, Pa. 
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Manager Empire Portland Cement Company, War- 
ners, N. Y. 
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Engineer in Charge, Lachine Canal, Royal Insurance 
Building, Montreal, Canada. 
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President Associated Foundry Foremen, 544 West 
One Hundred and Twenty-sixth St., New York, N.Y. 

MOVELL,. BARE. Bi esis WQaric ao Ghee 
Adjunct Professor of Civil Engineering, Columbia 
University, 235 West One Hundred and Second 
Street, New York, N. Y. 
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Paint and Color Makers; Huston Lowe, Vice-Presi- 
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Engineer and Superintendent of Bridges and Build- 


ings, Chicago, Milwaukee and St. Paul Railway, r100 
Old Colony Building, Chicago, II. 
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Inspector of Material, Westinghouse Electrical Manu- 
facturing Company, East Pittsburg, Pa. . 
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Chemist, Allis-Chalmers Company, Milwaukee, Wis. 
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Secretary and Treasurer Altoona Iron Company, 
Altoona, Pa. 
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Glens Falls, N. Y. 


VPAUC OV (PEAS TSE Sine ta coer AE. ey ere Rn SU ae eat 1902 
President A. & P. Roberts Company, Manager Pen- 
coyd Iron Works, Pencoyd, Pa. 


MARBURG, EDGAR (Secretary-Treasurer)........... 1898 
Professor of Civil Engineering, University of Penn- 
sylvania, Philadelphia, Pa. 
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Superintendent Steel Department, Maryland Steel 
Company, Sparrows Point, Md. 
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Manager Lehigh Portland Cement Company, Allen- 
town, Pa. 
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Matipws. JOHN Ao Ops Se: pogo wee oe lem ea een er 1903 
- Metallurgist, Experimental Department, Crucible 
Steel Company of America, Syracuse, N. Y. 
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Chemist, The Edison Portland Cement Company, 
Stewartsville, N. J. . 
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President and Chief Engineer Herne Safety Boiler 
Company, 11 Broadway, New York, N. Y. 


MERRIMAN, MANSFIELD (Past-President) ......... 1895 
Professor of Civil Engineering, Lehigh University, 
South Bethlehem, Pa. 
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Principal Assistant Engineer, Subway and Elevated 
Railroad Construction, Rapid Transit Company, 
Philadelphia, Pa. 
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Engineer, too Broadway, New York, N. Y. 
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Metallurgist, Consulting Engineer, Box 432, New 
YorkOn,. Yi. 
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Engineer of Bridges, New York, New Haven and 
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Consulting Engineer, 49 Wall Street, New York, N. Y. 
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Dean, College of Engineering, Ohio State University, 
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Name. Date of 
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PAST OFFICERS. 


Notre.—The Society, from its organization in 1898 till its incorpora- 
tion under its present name in 1902, was designated the American Section 
of the International Association for Testing Materials. 

The officers and members of the Executive Committee during this 
four-year period were as follows: 


CHAIRMEN? 
MANSFIELD MERRIMAN, 1898-1900. 


Henry M. Howe, 1900-1902. 


VICE-CHAIRMEN?: 


Henry M. Howe, 1898-1900. 


CHARLES B. DUDLEY, 1900-1902. 


SECRETARIES: 
RicHarD L. HuMPHREY, 1898-1900. 


J. M. PortTER, 1900-1902. 


TREASURERS¢s 


PauL KREUZPOINTNER, 1898-1900. 


R. W. LESLEY, 1900-1902. 


MEMBERS OF EXECUTIVE COMMITTEES 


Gus. C. HENNING, 1898-1900. 


ALBERT LADD COLBY, 1900-1902. 
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ANNUAL REPORT OF THE EXECUTIVE COMMITTEE. 


Since the Fourth Annual Meeting of the American Section 
in June, rg01, the Executive Committee has held four meetings, 
of which one was informal by reason of the absence of a quorum. 
An abstract of the Minutes of these meetings is appended to 
this report. 

Upon careful consideration and in pursuance of repeated 
suggestions from the President of the International Association, 
the Executive Committee deems it advisable that the name of 
the organization be changed from the “‘ American Section of the 
International Association for Testing Materials” to the “‘ Ameri- 
can Society for Testing Materials,” and that, under this new 
name, application be made in due course for membership as a 
body in the International Association. Legal steps have already 
been taken by the Executive Committee for incorporation under 
the laws of Pennsylvania as the “American Society for Testing 
Materials.”” A copy of the Charter and the proposed By-Laws 
under the same are herewith submitted as an appendix to this 
report. The adoption of the Charter and By-Laws is unani- 
mously recommended by the Executive Committee. The status 
and purposes of the Society will be in no way affected by such 
action. A prerequisite to membership in the Society will be 
then, as now, that the person, corporation or society seeking 
membership shall be a member of the International Association. 
Application for membership in the “‘ American Society for Testing 
Materials”’ on the part of the American members of the ‘‘ Inter- 
national Association for Testing Materials’’ will remain purely 
optional. Since the Statutes of the International Association do 
not recognize national sections as such, and to harmonize our 
status with that of other national societies who stand in like 
relation to the parent body, the above action is recommended. 
In all publications of the ‘‘American Society for Testing Mate- 
rials’’ it is proposed that the name of the Society be followed by 
the words “Affiliated with the International Association for 
Testing Materials,’ to indicate our organic relation with that 
body. 
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Publications.—Since the last report three bulletins have 
been issued: Bulletin No. 26, containing the letter ballot on the 
Proposed Standard Specifications; Bulletin No. 27, containing 
the Minutes and. Proceedings of the Fourth Annual Meeting, and 
announcing the result of the letter ballot on the Proposed 
Standard Specifications, and Bulletin No. 28, containing the 
Program for the Fifth Annual Meeting. 

Membership.—At the last Annual Meeting the total mem- 
bership of the American Section was 168. Since then the 
Section has sustained a loss of one member, in the death of 
Dr. Henry Morton, and of seven members by resignation. The’ 
applications for membership number fifteen, making a total 
membership at present of 175, or a net gain of seven for the year. 


REPORT OF THE TREASURER. 


RECEIPTS. 
WMelOpcimers root | Mis POTber jc. ole, orate anes < ayes Sloe eed $ 25 00 
April CME QO 2A of Mine OL COT sins ae creisehaa Mote iatevelc ses 318 7o 
June Qumoqoe dar Marbure i. sejceriers nies » Gr Se 
Mee UAC C EUS wears erro yoeeer: o.oo as eSisNC erate © elisa $408 28 
Cachibalancewune TS) LOOM she. chy silcysteeals eke 288 23 
———— $696 51 
EXPENDITURES. 
AAI S Cer OTe V aol CLiIMayer GUESS .i5 csc /ae sare: $222 00 
October 15, 1901, Chemical Publishing Company ..... oT ls 
April 15, 1902, i s 65. 75 
April 15, 1902, William H. Hoskins, office supplies. . 2 08 
April 15, 1902, J. M. Porter, Expenses Secretary and 
Publication Committee... 22... 55 42 
April 15, 1902, L. J. Johnstone, stenographer...... 10 00 
May ee O2s av eehetinayet AUCs amidase ltrs: 216 00 
SRopalacdisbursements*tante.s os seco = <: $609 00 
Wachmpalcin Gets |W 0.1 OO 2 aaenetitacis caciaate « 87 51 
$696 51 


The unpaid bills on hand, June 9, 1902, amount to a total sum of 
$91.34. 


The Report of the Treasurer shows the urgent necessity of 
measures toward the betterment of the financial condition of the 
Society. The annual dues for membership prescribed in the 
proposed new By-Laws are wholly inadequate for meeting 
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general operating expenses and the cost of publication. Never- 
theless no further increase of dues is recommended for the 
present. It is confidently expected that the needed funds will 
be readily obtained, as in the past, through voluntary subscrip- 
tions on the part of individuals and corporations interested in 
the objects for which the Society stands. 
Respectfully submitted, 
Epcar MARBURG, Henry M. Howe, 
Secretary. Chairman. 


APPENDIX A. 


ABSTRACT OF MINUTES OF THE EXECUTIVE COMMITTEE. 


Meeting, November 2, 190127 West Seventy-third street, New 
York, N. Y. Present: Messrs. Howe, Dudley and Merriman of the 
Executive Committee, and Mr. W. R. Webster, on invitation. 

Professor Howe presented a report of the action of the Buda-Pesth 
Congress regarding the requests of the American Section: The Congress 
had resolved to appoint a Committee on Standard Specifications and 
Methods of Testing Cast Iron and Finished Castings, and also a Committee 
on Standard Specifications for Cements; it had given full authority to 
each country to elect its own Member of Council, but formal recognition 
of the American Section had not been secured. 

Professor Porter’s request, made at the meeting of the Executive 
Committee on June 29, rgor, to be relieved of the duties of the Secretary- 
ship, was considered. It was thought that an effort should be made to 
secure the permanent services of a secretary who should receive a salary 
and devote much time to the work. A number of persons having quali- 
fications for the office were suggested. The matter was finally referred to 
Chairman Howe and Vice-Chairman Dudley, with instructions to corre- 
spond with several of the persons suggested and to report at the next 
meeting of the Executive Committee. 


Meeting, February 15, 1902.—27 West Seventy-third street, New 
York City. Present: Messrs. Howe and Dudley of the Executive Com- 
mittee, and Professor Edgar Marburg on invitation. 

In the absence of a quorum, the meeting adjourned after an informal 
discussion. 

Meeting, March 8, 1902.—Engineers’ Club, 374 Fifth Avenue, 
New York, N. Y. Present: Messrs..Howe, Dudley and Lesley of the 
Executive Committee, and Professor Edgar Marburg on invitation. 


Minutes Executive ComMITreE. 361 


The resignation of Professor J. M. Porter from the office of Secretary 
was accepted with an expression of appreciation of his faithful and 
efficient services. 

Professor Edgar Marburg was appointed Acting Secretary for the 
unexpired term, 

The Acting Secretary was instructed to take legal advice towards the 
formal incorporation of the Society under the new title ‘‘ American Society 
for Testing Materials,” and to submit to a meeting of the Executive Com- 
mittee, to be called for that purpose, the proposed Charter and By-Laws 
under the same. It was decided that the new By-Laws should be drawn 
up with a view of merging the offices of Secretary and Treasurer. 

It was the formally expressed sense of the meeting that after the 
Charter shall be granted proper steps should be taken to join the Interna- 
tional Association as a body. 

The Acting Secretary was charged with the preparation of a pre- 
liminary draft of the program for the next Annual Meeting to be sub- 
mitted at the next meeting of the Executive Committee. 

The Acting Secretary was authorized to spend a sum not exceeding 
$25.00 per month for clerical assistance. 


Meeting, April 12, 1902.—Engineers’ Club of Philadelphia, 1122 
Girard Street, Philadelphia, Pa. Present: Messrs. Howe, Lesley, Merri- 
man and Marburg of the Executive Committee, and Messrs. Christie and 
Webster on invitation. 

The Acting Secretary submitted the application for a Charter under 
the proposed new name of the ‘‘ American Society for Testing Materials,” 
which was formally approved with the understanding that if the Charter 
be accepted by the membership the words ‘Affiliated with the Interna- 
tional Association for Testing Materials” shall appear on all printed 
matter, including bulletins, stationery, etc. immediately after the name 
of the Society. 

The Acting Secretary submitted the draft of the proposed new 
By-Laws, which was considered by sections and, after changes and amend- 
ments, was adopted by sections and as a whole in the following form (see 
Appendix B). 

The Acting Secretary was instructed to cast a ballot electing all 
present members of the American Section of the International Association 
for Testing Materials to the American Society for Testing Materials. 

The Acting Secretary submitted the provisional program for the Fifth 
Annual Meeting to be held at Atlantic City, June 12, 13, 14. 

This provisional program was approved and the Secretary given full 
discretion to modify it in any way that may seem necessary or expedient. 

At the recommendation of Professor Merriman of the Publication 
Committee, it was decided that the Acting Secretary be instructed to 
have future bulletins issued by the Society copyrighted. 

The report of the American Committee on ‘Bibliography of Im- 
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pact Tests” was referred to the Publication Committee with power to 
print. ; 

With the approval of the Acting Secretary, it was decided that his 
title be changed from Acting Secretary to Secretary. 


APPENDIX B. 


CHARTER OF THE AMERICAN SOCIETY FOR TESTING MATERIALS. 


To the Honorable, the fudges of the Court of Common Pleas No. 2 tn and 
jor the City and County of Philadelphia: of March term, 1902, No. 2056: 


In compliance with the requirements of an Act of the General 
Assembly of the Commonwealth of Pennsylvania, entitled ‘““An Act to 
Provide for the Incorporation and Regulation of Certain Corporations,” 
approved the 29th day of April, A. D. one thousand eight hundred and 
seyenty-four, and the supplements thereto, the undersigned, Henry M. 
Howe, Charles B. Dudley, Edgar Marburg, Robert W. Lesley, Mansfield 
Merriman, Albert Ladd Colby and William R. Webster, six of whom are 
citizens of Pennsylvania, having associated themselves together for the 
purposes hereinafter set forth, and desiring that they may be incorporated 
according to law, do hereby certify: 


1. The name of the proposed corporation is the “* American Society for 
Testing Materials.” 

2. The corporation is formed forthe Promotion of Knowledge of the 
Materials of Engineering, and the Standardization of Specifications and 
the Methods of Testing. 

3. The business of the said corporation is to be transacted in Phila- 
delphia. 

4. The said corporation is to exist perpetually. 

5. The names and residences of the incorporators are as follows: 


Henry M. Howe, 27 West Seventy-third Street, New York. 

CHARLES B. Dup.teEy, Altoona, Pa. 

Epcar Marsure, 517 South Forty-first Street, Philadelphia. 

Rosert W. Les.ey, 22 South Fifteenth Street, Philadelphia. 

MANSFIELD MERRIMAN, South Bethlehem, Pa. 

ALBERT Lapp CoLBy, South Bethlehem, Pa. 

Wititam R. Wesster, ‘The Bartram,” Thirty-third and 
Chestnut Streets, Philadelphia. 


6. The management of the said corporation shall be vested in an 
Executive Committee, consisting of six (6) members, viz: the Chairman, 
the Vice-Chairman, the Secretary, the Treasurer, and two other members 
of the corporation, and such other officers as the corporation may from 
time to time appoint. 
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7. The corporation has no capital stock, and the members thereof 
shall be composed of the subscribers and their associates and of such 
persons as may from time to time be admitted by vote in such manner and 
upon such requirements as may be prescribed by the By-Laws. The 
corporation shall nevertheless have power to exclude, expel or suspend 
members for just or legal cause, and in such legal manner as may be 
ordained and directed by the By-Laws. 

8. The By-Laws of this corporation shall be admitted and taken to 
be its laws subordinate to the statute aforesaid; this Charter; Constitu- 
tion and Laws of the Commonwealth of Pennsylvania, and the Constitu- 
tion of the United States; they shall be altered and amended as provided 
for by the By-Laws themselves; and shall prescribe the powers and func- 
tions of the Executive Committee herein mentioned and those to be 
hereafter elected. The times and places of meetings of the Committee 
and this corporation; the number of members who shall constitute a 
quorum at the meetings of the corporation, and of the Committee; the 
qualifications and manner of electing members; the manner of electing 
officers; and the power and duties of such officers; and all other con- 
cerned and internal arrangements of the said corporation. 

Witness our hands and seals this twenty-first day of March, A. D 
1902. 

EpGAR MARBURG, 

R. W. LESLEY, 
[Signed] Wn. R. WEBSTER, 

MANSFIELD MERRIMAN, 

ALBERT Lapp CoLBy. 


PROPOSED BY-LAWS. 


ARTICLE I. 
MEMBERS. 

Section 1. Any person, corporation or technical society holding 
membership in the International Association for Testing Materials is 
eligible for membership. 

SEcTION 2. Any person, corporation or society can become a member 
of this Society and of the International Association for Testing Materials 
simultaneously upon being proposed by two members of this Society and 
being approved by its Executive Committee. 

Section 3. Applications for membership and resignation from mem- 
bership must be transmitted in writing to the Secretary. 


ARTICLE II. 
OFFICERS. 
Section 1. The officers shall be a President, Vice-President, Secre- 
tary and Treasurer. 
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SEcTION 2. The offices of Secretary and Treasurer shall be held by the 
same person. 

SEcTION 3. These officers shall be elected by letter-ballot. at the 
Annual Meeting, and shall hold office for two years. 

SEcTION 4. The Executive Committee after the year 1901-1902, shall 
consist of these officers, the last past-President and three members, two 
being elected by letter-ballot at each Annual Meeting in the odd years 
and one at each Annual Meeting in the even years. 

SecTIon 5. The President shall be, ex-officio, the nominee for Ameri- 
can Member of the Council of the International Association. 

SEecTION 6. The Secretary shall receive a salary to be fixed by the 
Executive Committee. 


ARTICLE PIT. 
MEETINGS. 


SecTIon 1. The Society shall meet annually. The time and place of 
each meeting shall be fixed by the Executive Committee. 

SECTION 2. Special meetings may be called whenever the Executive 
Committee shall deem it necessary. 


ARTICLE IV. 
Dues. 

SecTIon 1. The fiscal year shall commence on the first of January, 
and all dues shall be payable in advance. 

SECTION 2. The annual dues of each member shall be $3.00. Of this 
amount $1.50 shall be transmitted by the Secretary to the International 
Association for Testing Materials. The remainder shall be applied to the 
treasury of the Society 

SECTION 3. Any member of the Society whose dues shall remain 
unpaid for the period of one year shall forfeit the privileges of member- 
ship. If he neglects to pay his dues within thirty days thereafter, and 
after notification from the Secretary, his name may be stricken from the 
roll of membership by the Executive Committee ; 


AREIGH EVs 
AMENDMENTS. 


SECTION 1. Proposed Amendments to these By-Laws, signed by at 
least three members, must be presented in writing to the Executive 
Committee not later than the last regular meeting of the Executive 
Committee preceding the Annual Meeting. In the notices for this 
meeting the proposed Amendment shall be printed. At the Annual 
Meeting the proposed Amendment may be discussed and amended and 
may be passed to letter-ballot by a two-thirds vote of those present. 

If two-thirds of the votes obtained by letter-ballot are in favor of 
the proposed Amendment, it shall be adopted. 

SECTION 2. The Executive Committee is authorized to number the 
Articles and Sections of the By-Laws to correspond with any changes that 
may be made. 


REPORT OF AUDITING COMMITTEE. 


PHILADELPHIA, Pa., October 25, 1go2. 


To the Executive Committee of the American Society for Testing 
Materials: 


We have examined the books and accounts of the Secretary 
and Treasurer, from December 29, t900—the date of the last 
audit—to June 9, 1902, the date of the annual report of the 
Treasurer, and find the cash balance of $87.51 to be correct. 

[Signed] JAMES CHRISTIE, 
Wn. R. WEBSTER, 
Auditing Commuttee. 
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PREVIOUS PUBLICATIONS. 


TABLE OF CONTENTS. 


Notre.—The Society, from its organization in 1898 till its incorpora- 
tion under its present name in 1902, was designated the American Section 
of the International Association for Testing Materials. During this period, 
twenty-eight (28) Bulletins were issued. The Proceedings will appear 
hereafter in the form of annual volumes. The present volume, the first 
issued under the new plan of publication, is designated Volume II, the 
bulletins previously issued constituting Volume I. An abridged Table of 
Contents of Bulletins Nos. 1-28 follows: 


Bulletin No.1. Jssued April, 1899. Pp. 1-8. 
Minutes of the Organization Meeting, June 16, 1898. 
Minutes of the Executive Committee, June 25, 1898, to Feb- 
ruary 22, 1899. 
Minutes of First Annual Meeting, August 27, 1898. 


Bulletin No.2. Issued Fuly, 1899. Pp. 9-12. 
Provisional Program for the Second Annual Meeting. 


Bulletin No. 3. Issued August, 1899. Pp. 13-16. 
Officers of the American Section. 
Program of the Second Annual Meeting. 


Bulletin No.4. Issued September, 1899. Pp. 17-26. 
The Work of the International Association for Testing 
Materials. Annual Address by the Chairman, Mansfield 
Merriman. 


Bulletin No. 5. Issued October, 1899. Pp. 27-52. 
Preliminary Report on the Present State of Knowledge Con- 
cerning Impact Tests, by W. Kendrick Hatt and Edgar 
Marburg. 


Bulletin No.6. Issued November, 1899. Pp. 53-72. 
Report of Second Annual Meeting, August 15-16, 1899. 
Minutes of the Executive Committee to August 16, 1899. 


Bulletin No. 7. Issued Ffanuary, 1900. Pp. 73-80. 


Minutes of the Executive Committee to January 6, 1900. 
Miscellaneous Announcements. 
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Bulletin No. 8. Issued May, 1900. Pp. 81-86. 
Proposed Standard Specifications for Structural Steel for 
Bridges and Ships. 


Bulletin No.9. Issued May, 1900. Pp. 87-92. 
Proposed Standard Specifications for Structural Steel for 
Buildings. 


Bulletin No. 10. Issued May, 1900. Pp. 93-100. 
Proposed Standard Specifications for Open-Hearth Boiler 
Plate and Rivet Steel. 


Bulletin No. 11. Issued May, 1900. Pp. 101-106. 
Proposed Standard Specifications for Steel Rails. 


Bulletin No. 12. Issued May,1g00. Pp. 107-110. 
Proposed Standard Specifications for Steel Splice Bars. 


Bulletin No. 13. Issued May, 1900. Pp. 111-114. 
Proposed Standard Specifications for Steel Axles. 


Bulletin No. 14. Issued May,1g00. Pp. 115-118. 
Proposed Standard Specifications for Steel Tires. 


Bulletin No.15. Issued May, 1900. Pp. 119-124. 
Proposed Standard Specifications for Steel Forgings. 


Bulletin No. 16. Issued May, 1900. Pp. 125-128. 
Proposed Standard Specifications for Steel Castings. 


Bulletin No. 17. Issued May, 1900. Pp. 129-134. 
Proposed Standard Specifications for Wrought Iron. 


Bulletin No. 18. Issued May, 1900. Pp. 135-144. 
Report of the American Branch of International Committee 
INOW! ae 


Bulletin No. 19. Issued September, 1900. Pp. 145-172 
Program of the Third Annual Meeting. 
Minutes of the Executive Committee, April 7, 1900. 
Correspondence Relating to the Representation of the 
American Section on the International Council. 


Bulletin No. 20. Issued October, 1900. Pp. 173-184. 
Progress Report of the American Branch of International 
Committee No. 1. 
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Bulletin No. 2t. Issued March, 1901. Pp. 185-214. 
Announcement of International Congress of rgor. 
Report of Third Annual Meeting, October 25-27, 1900. 
Minutes of the Executive Committee to January 5, 1901. 
Officers of the American Section for 1900-02. 


Bulletin No. 22. Issued May, 1901. Pp. 215-216. 
Program of the Fourth Annual Meeting. 


Bulletin No. 23. Issued Ffune, 1901. Pp. 217-230. 
List of Members of the American Section. 
By-Laws of the American Section. 


Bulletin No. 24. Issued fune, 1901. Pp. 231-236. 
Revised Standard Specifications for Wrought Iron. 


Bulletin No. 25. Issued Fune, 1901. Pp. 237-244. 
Report of the American Branch of International Committee 
No. 1. 


Bulletin No 26. Issued Fuly, 1901. Pp. 245-246. 
Letter Ballot on Proposed Standard Specifications. 


Bulletin No. 27. Issued August, 1901. Pp. 247-262. 
Report of Fourth Annual Meeting, June 29, 1901. 


Bulletin No. 28. Issued May, 1902. Pp. 263-266. 
Program of the Fifth Annual Meeting. 


PRICE Aho be 


Bulletins Nos. 1, 2 and 3 are out of print. The remaining 
numbers may be obtained at the uniform price of ten cents (.10) 2 
postage prepaid, on application to the Secretary. 


OFFICERS 
OF THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS, 


PRESIDENT: 


L. von TETMAJER, 


VICE-PRESIDENTS: 


A. MARTENS, N. BeLELUBSKI. 


MEMBERS OF COUNCIL: 
Every country having a membership of twenty or more in the Asso- 


ciation is entitled to a representative on the Council. 


Austria—I*. Bercer. Italy—J. Benerrti. 

Belgium—A. Greiner. Norway—Ss. A, Lunp. 
Denmark—J. HANNOVER. Roumania—A,. O. SALIGNY. 
England—W. C. Unwin. Russia—N, BrL_eLuBski. 
France--H., Le CHargeinr. Spain—M. Cano y bE LEON. 
Germany—A. MARTENS. Sweden—A, WAHLBERG. 
Holland—L. Bienrair. Switzerland—F, Scuue.e. 
Hungary—C. von Banovits, United States of America—CHARLES 


B. Dupuey. 


SECRETARY: 
ERNEST RBITLER, 


Nordbahnstrasse 50, Vienna, II, Austria, 


Communications for the International Association should be directed 
to the President, Professor L. von Tetmajer, Imperial Technical High 
School, Karlsplatz, Vienna, IV, Austria. 
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INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


BY-LAWS. 


Adopted at the Buda-Pesth Congress, rgor. 


Q i. 
The Association shall be called ‘‘The International Asso- 
ciation for Testing Materials.”’ 


@ 2: 

The objects of the Association are: the development and 
unification of standard methods of testing; the investigation 
of the technically important properties of the materials of con- 
struction and other materials of technical importance, and also 
the perfecting of apparatus used for this purpose. 

These objects will be furthered: 

1. By the Congresses and other meetings of the Associa- 
tion.. 

2. By the publication of an official Journal. 

3. By any other means that may appear desirable. 


@ 3. 
The funds necessary for carrying out the purposes men- 
tioned in 3 2 will be raised by 
1. The annual subscriptions of members. 
2. Profits from the official Journal. 
3. Other contributions. 


@ 4. 

Any person may become a member upon being proposed 
by two members of the Association. 

Official bodies and technical societies can be elected directly 
on their sending in their application for membership. 

Applications for membership must be sent in writing to the 
President or to a member of the Council. 

Resignations of membership must be sent in the same way. 
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eae 

It is the duty of every member to further the interests of 
the Society to the best of his ability. 

Every member is required to pay an annual subscription 
of at least 6 Mks. = 6 shillings = $1.50." 

The Council is authorized to increase the annual subscrip- 
tion in order to cover extraordinary expenses incurred in the 
interests of the Association. 


@ 6. 


Every member has the right to obtain the Journal of the 
Association, during the period for which his subscription has 
been paid, on paying the fixed reduced price.’ 


EE 

The Association will hold a Congress, as a rule, every second 
year. 

The arrangements for the Congresses will be discussed at 
general meetings and in meetings of the different sections. 

Sections will be formed for the different groups of materials 
as may be considered necessary. 

At present there are three sections: 

I. Metals. 
II. Natural and artificial building stones, cements and 
mortars. 

III. Other materials of technical value. 

Any special questions relating to the subjects of the dif- 
ferent sections will be considered at sectional meetings. 

The members assisting at the sectional debates, under the 
presidency of a member of the Council, will appoint the govern- 


ing bodies of the different sections. 
The results of the deliberations of the different sections 


must be communicated at a general meeting which will pass 
resolutions embodying the proposals of the sections. 


1Subscriptions are to be paid to the duly appointed collectors ineach country. the card 
of membership serving as a receipt. Subscriptions not paid by the first of July are col- 
\ 


jected through the post office. 
2'The reduced price has been fixed at 10 Mks, = ten shillings = $2.50. This sum may 


be sent 1n with the subscriptions. The yearly volumes begin on January 1. 
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Reports of Commissions, proposals of the Council and other 
matters to be laid before the Congress, will be printed in German, 
French and English, and will be sent (in the language preferred) 
to all members who have announced their intention of taking 
part in the Congress, within fourteen days before the meeting 
of the Congress, if possible. 

The decisions of the Congress will be printed in all three 
languages and sent to all members of the Association. 


Q 8. 


The Council of the Association will transact all necessary 
business connected with the Association. 

The Council will consist of the President and the duly elected 
members. 

Every country represented in the Association by at least 
twenty members has the right to propose one member as mem- 
ber of the Council. 

The President will be elected by the Congress, the Council 
by the members belonging to the different countries. 

Till such election has taken place the former members of 
the Council remain in office. 

The names of proposed new members of the Council have 
to be communicated to the President before each Congress. 

The two Vice-Presidents will be elected by the Council from 
among its own members. 

The Council is entitled to transact business when it has been 
duly called together according to rule and when the President 
or one of the Vice-Presidents is present. 

Members of the Council may be re-elected. 

If a member of the Council resigns during his term of office, 
the President shall immediately direct the election of a sub- 
stitute by the members belonging to the country in question. 

In the event of the death or resignation of the President, 
the Council will appoint one of its members to carry on the 
presidential duties till the next Congress. 

The term of office of the Council lasts from one Congress 
till the next. 
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Q 9. 


The business of the Association will be attended to by the 
President, assisted by a paid Secretary. ; 

The members of the Council will attend to the business of 
the Association in the country which they represent. 


6 20. 


The resolutions of the Congresses on technical questions 
merely serve to express the opinion of the majority. They are 
therefore in the form of recommendations and are in no way 
binding. 

e.1i 


The resolutions of the Congresses can only be carried if at 
least three-fourths of the recorded votes are in favor of them. 
Every member of the Association present, as well as every repre- 
sentative of official bodies and technical societies has one vote. 

The rights and duties of a member of the Association are 
not altered by the fact of his belonging at the same time to a 
national or other Association which Association is itself a mem- 
ber of the International Association. 


Onr2: 

The technical problems to be considered by the Association 
will be decided upon by the Congresses and by the Council and 
will be duly referred to commissions or reporters appointed by 
the Council. 

@ 13. 

The Council draws up its own regulations according to the 
By-Laws of the Association and to the needs which may from 
time to time present themselves. 


g@ 14. 
In the event of the Association being dissolved, any funds 
belonging to it will be handed over to the “International Red 
Cross Association.” 


THE INTERNATIONAL ASSOCIATION 
FOR TESTING MATERIALS. 


TECHNICAL PROBLEMS, COMMITTEES* AND REFEREES. 


As, constituted on October 20, 1902. 
SE CDION SA 


METALS. 


Problem 1.—On the basis of existing specifications, to seek 
methods and means for the introduction of international speci- 
fications for testing and inspecting iron and steel of all kinds. 
(Proposed at the Zurich Congress 1895.) 


Committee: 

Chairman, A. Rieppel Aeussere Cramer-Klettstrasse 12, Nurem- 
burg, Germany. 

Vice Chairman, G. Alpherts, Koninginnegracht 66, Hague, Hol- 
land. 

American Members, H. H. Campbell, James Christie, Carnegie 
Steel Company, represented by John McLeod; Franklin 
Institute, represented by Wm. H. Wahl, Paul Kreuz- 
pointner, R. G. Moldenke, W. R. Webster, Walter Wood. 


Problem 2.—To establish methods of inspection and testing 
for determining the uniformity of individual shipments of iron 
and steel. (Proposed at the Stockholm Congress 1897.) 


Committee: 
Chairman, W. Ast, Nordbahnhof, Vienna, Austria. 
Vice Chairman, (office vacant). 
American Members, Booth, Garrett and Blair, Thos. Gray, Gus. 
C. Henning, Paul Kreuzpointner, A. A. Stevenson, W. R. 
Webster, Albert Sauveur. 


* The names of only the Chairmen, the Vice Chairmen, and American Members of Inter- 
national Committees are here given. 
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Problem 3.—On the properties of soft steel (Flusseisen) at 
abnormally low temperatures. (Proposed at the Zurich Congress 
1895.) 

Referee, (office vacant). 


Problem 4.—Methods for testing welds and weldability. 
(Proposed at the Zurich Congress 1895.) 
Referee, R. Krohn, Gutehoffnungshuette, Sterkrade, Germany, 


Problem 5.—Collection of data for establishing standard 
rules for piece tests, with special refgrence to axles, tires, 
springs, pipes, etc. (Proposed at the Zurich Congress 1895.) 


Committee: 


Chairman, W. Rayl, Nordbahnstrasse 50, Vienna II, Austria. 

Vice Chairman, A. Sailler, Favoritenstrasse 20, Vienna IV, Aus- 
tria. 

American Members, M. H. Wickhorst, H. V. Wille. 


Problem 6.—On the most practical methods of polishing 
and etching for the macroscopic study of iron and steel. (Pro- 
posed at the Zurich Congress 1895). 

Referee, E. Heyn, Carmerstrasse, 15, Charlottenburg, Germany. 


Problem 25.—To establish uniform methods of testing cast 
iron and finished castings. (Proposed at the Buda-Pesth Con- 
gress 1901.) 

Commuttee: 
Chairman, C. Juengst, Kurfuerstendamm, 214 p. Charlottenburg, 

Germany. 

Vice Chairman, R. G. Moldenke, P. O. Box 432, New York, N. Y. 
American Members, Alex. E. Outerbridge, Jr., Albert Sauveur, 
Thos. D. West. 


Problem 26.—Tests with notched bars for ascertaining the 
relations between the different methods of testing and for fixing 
the numerical values representing the different properties of 
metals. (Proposed at the Buda-Pesth Congress rgor). 

Referee, Ed. Sauvage, Rue Eugéne Flachat 14, Paris, France. 


Problem 27.—Ball-pressure tests for ascertaining the rela- 
tions between the different methods of testing and for fixing the 
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numerical values representing the different properties of metals. 
(Proposed at the Buda-Pesth Congress 1901.) 
Referee, A. Wahlberg, Techn. Hochschule, Stockholm, Sweden. 


Problem 28.—The consideration of the magnetic and elec- 
tric properties of materials in connection with their mechanical 
testing. (Proposed at the Buda-Pesth Congress 1901.) 

Referees, K. Hochenegg, Techn. Hochschule, Karlsplatz, Vienna, 

IV, Austria; M. von Hoor Tempik, Kgl. techn. Hochschule, 

Buda-Pesth, Hungary. 


SECTION B. 
NATURAL AND ARTIFICIAL BUILDING STONES AND THEIR CEMENTS. 


Problem 7.—On the weathering qualities of roofing slates. 
(Proposed at the Zurich Congress 1895.) 


Commuttee: 


Chairman, A. Hanisch, Schellinggasse 13, Vienna I, Austria. 
Vice Chairman, P. Lariviére, Quai Jemmapes 170, Paris, France. 
American Members, J. F. Kemp, Mansfield Merriman. 


Problem 9.—On rapid methods for determining the strength 
of hydraulic cements. (Proposed at the Zurich Congress 1895.) 


Committee: 


Chatrman, F. Berger, Rathhaus, Vienna 1, Austria. 

Vice Chairman, L. von Tetmajer, Techn. Hochschule, Karlsplatz, 
Vienna IV, Austria. 

American Members, W. W. Maclay, Chas. F. McKenna. 


Problem 10.—To digest and evaluate the resolutions ot 
the conferences of 1884-1893 concerning the adhesive qualities 
of hydraulic cements. 

Referee, J. Maluga, Newsky 182, St. Petersburg, Russia. 


Problem 11.—To establish methods for testing puzzolanas 
with the object of determining their value for mortars. (Pro- 
posed at the Zurich Congress 1895.) 
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Committee: 
Chairman, G. Herfeld, Andernach, Germany. 
Vice Chairman, C. Segré, Ancona, Italy. 
American Member, A. Lundteigen. 


Problem 12.—Investigation on the behavior of cements as 
to time of setting and on the best method for determining the 
beginning and the duration of the process of setting. Pro- 
posed at the Zurich Congress 1895, enlarged in conformity with 
the resolution of the Buda-Pesth Congress rgor.) 


Commiuttee: 
Chairman, E. Candlot, rue d’Edimbourg 18, Paris, France. 
Vice Chairman, N. Lamine, Zabalkansky 9, St. Petersburg, 
Russia. 
American Members, Spencer B. Newberry, Clifford Richardson. 


Problem 13.—On the normal consistency of cement mortars 
for test specimens. (Proposed at the Zurich Congress 1895.) 


Committee: 
Chairman, A. Greil, Rathhaus, Vienna I, Austria. 
Vice Chairman, L. von Tetmajer, Techn. Hochschule, Karlsplatz, 
Vienna IV, Austria. 
American Member, R. L. Humphrey. 


Problem 14.—On the influence of sulphurous acid on arti- 
ficial stones and mortars. (Proposed at the Stockholm Con- 


gress 1897.) 
Referee, Dr. Karl Goslich, Zuellchow, Pomerania, Germany. 


_ Problem 15.—On the action of sulphuretted hydrogen dis- 
solved in water or in a gaseous condition upon different kinds 
of mortar. (Proposed at the Stockholm Congress 1897.) (To 
be treated as Problem 14, and eventually added to it.) 

Referee, Dr. Karl Goslich, Zuellchow, Pomerania, Germany. 


Problem 29.—Determination of the liter weight of cement. 
The strength of neat hydraulic cements. Determination of a 
standard sand. (Proposed at the Buda-Pesth Congress 1gor.) 
Referees, N. Belelubski, Rue Serpuchowskaja 4, St. Petersburg, 
Russia; F. Schuele, Eidg. Polytechnikum, Zurich, Switzerland. 
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Problem 30.—Determination of the simplest method for 
the separation of the finest particles in Portland cement by 
liquid and air processes. (Proposed at the Buda-Pesth Con- 
gress 1901.) 

Referee, M. Gary, Kgl. mech.-techn. Versuchsanstalt, Charlot- 
tenburg, Germany. 


Problem 31.—On the behavior of cements in sea water. 
(Proposed at the Buda-Pesth Congress 1901.) 
Referees, H. Le Chatelier, Place du College de France 9g, Paris, 
France; Prof. A. R. Choulatschenko, Saperny per 16, St. 
Petersburg, Russia. 


Problem 32.—On accelerated tests of the constancy of 
volume of cements. (Proposed at the Zurich Congress 1895.) 


Committee: 


Chairman, Bertram Blount, Broadway Westminster, London, 
S. W., England. 

Vice Chairman, (office vacant). - 

American Members, R. W. Lesley, Spencer B. Newberry. 


Problem 33.—On the influence of the proportion of water 
and sand on the strength of Roman and other cements. (Pro- 
posed at the Buda-Pesth Congress 1901.) 

Referee, The Hungarian Society for Testing Materials, Buda- 

Pesth, Hungary. 


SECTION Co 


OTHER MATERIALS. 


Problem 17.—On methods of testing tile pipes. (Proposed 
at the Stockholm Congress 1897.) 
Referee, M. Gary, Kgl. mech.-techn. Versuchsanstalt, Charlot- 
tenburg, Germany. 


Problem 18.—On the methods of testing the protective 
power of paints used on metallic structures. (Proposed at the 
Zurich Congress 1895.) 

Referees, Albert Grittner, Kébanyai tit 30, Buda-Pesth, Hungary; 

E. Ebert, Centralbahnhof, Munich, Germany. 
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Problem 19.—On uniform methods for testing lubricants. 
{Proposed at the Zurich Congress 1895.) 
Referee, N. Petroff, Zagorodny 70, St. Petersburg, Russia. 


Problem 23.—On uniform methods for compression tests 
of wood. 
Committee: 
Chatrman, Prof. A. Schwappach, Eberswalde, Germany. 
Vice Chairman, A. Wykander, Goeteporg Sweden. 
American Member, Filibert Roth. 


Problem 35.—Study of the methods of testing caoutchouc. 
{Proposed at the Buda-Pesth Congress 1901.) 


Committee: 
Chairman, E. Camerman, Rue Philippe Le Bon 73, Brussels, 
Belgium. 
Vice Chairman, (office vacant). 
American Member, R. G. Pearson. 


SECTION D. 
MISCELLANEOUS SUBJECTS. 


Problem 22.—Considering that the resolutions formed by 
the International Conferences of Munich, Dresden, Berlin, 
Vienna and Zurich for the purpose of attaining unity in the 
methods of testing materials and the report of the Committee 
of the American Society of Mechanical Engineers do not agree 
in many points with the decisions arrived at by the French 
commission, it is proposed: that the Council appoint a com- 
mission which shall prepare a report upon these differences, 
and proposals for ways and means of abolishing them. 


Commuttee: 


Chairman, N.-Belelubsky, Rue Serpouchowskaya 4, St. Peters- 
burg, Russia. 

Vice Chairmen, A. Martens, Kgl. mech.-techn. Versuchsanstalt, 
Charlottenburg, Germany; E. Sauvage. 1’Ecole des mines, 
Paris, France. 

American Members, Albert Ladd Colby, Gus. C. Henning, R. G. 
Moldenke, George F. Swain, George S. Webster, W. R. 
Webster, Walter Wood. 
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Problem 24.—On uniform nomenclature of iron and steel. 
(Resolution of Council, February 3, 1901.) 


Commuttee: 


Chairman, H. M. Howe, 27 West Seventy-third street, New 
VOrk Na Yu 

Vice Chairman, L. Lévy, Rue de La Rochefoucauld 19, Paris, 
France. 

American Member, H. H. Campbell. 


Problem 34.—Fixing a uniform definition and nomencla- 
ture of the bitumens. (Proposed at the Buda-Pesth Congress 
1g90t.) 

Commuttee: 
Chairman, G. Lunge, Eidg. Polytechnikum, Zurich, Switzerland. 
Vice Chairman, Jenoe Kovacs, Tataros (Post Mezoe Telegd), 

Hungary. 

American Members, A. W. Dow, Clifford Richardson. 


TECHNOLEXICON. 


Notre —The Executive Committee has directed that space be given 
to the following communication, both as a matter of general interest to 
the members of the Society, and with a view of inviting their collaboration 
as individuals in an enterprise of the greatest prospective usefulness 
to engineers and technical men in general. 


The Society oF GERMAN ENGINEERS, with headquarters 
at Berlin, has begun the compilation of a universal technical 
dictionary for translation purposes, which is to be called the 
TECHNOLEXICON. It is to be in three parts, viz: volume I: 
German-English-French, volume II: English-German-French, 
volume IIIT: French-German-English. 

The want of a comprehensive work of this kind has been 
felt for a long time, and the enormous development of inter- 
national competition in all technical and industrial branches 
has made it a matter of absolute necessity that technical and 
business men should be able at least to read several modern 
languages. For this purpose a thoroughly reliable dictionary 
is of prodigious importance, and this the Society intends to 
supply. The leading engineering societies of the countries in- 
terested have given their unqualified approval of the plan and 
are collaborating in the Technolexicon. A work of such vast 
scope is necessarily attended by vast difficulties. To convey 
some idea of these it need only be mentioned that a list of about 
5000 specialties and sub-specialties has been drawn up, all of 
which will be represented in the new dictionary. The great 
mass of material involved may be readily imagined. It would 
be impossible for a staff of editors to carry this work through 
unaided. The Society has, therefore, issued circulars—to be 
had on application to the office, Dorotheenstr. 49, Berlin 
(N.W. 7) soliciting the codperation of technical societies, col- 
leges, industrial establishments, individuals competent to assist, 
etc., and also giving details concerning the different ways in 
which this codperation can be effected. 

The collaboration is expected to be rendered gratuitously as 
atule. The Society has, however, engaged an international staff 
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of editors, under the leadership of the well-known lexicographer, 
Dr. Husert JANSEN, for the sifting, arranging and final molding 
of the material, and it will bear all the expenses of publication. 

The price will be fixed as low as possible, even if the Society 
should lose thereby, as the Technolexic on is not a speculation 
but a work prompted by the wish to promote. international 
intercourse. 

The appeal has been responded to generously in all countries 
concerned; societies have taken the matter up and named col- 
laborators, great firms have placed their catalogues, price-lists, 
etc., at the disposal of the editors for excerption, and many of 
them are collecting the words and expressions of their specialties. 
More than 1700 individual collaborators are doing all they can 
to further the work, and the hope is justified that the result 
will be as intended—a reliable technical dictionary, on a scale 
never before conceived. 

To make this hope a certainty, however, many more col- 
laborators are needed, for the specialties represented as well as. 
for those that have not yet been taken up. That this work of 
general interest and usefulness should receive contributions from 
all sides is much to be desired, and the assistance of individual 
collaborators is most urgently requested by the Society, and 
will receive lasting recognition. 
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